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GLOSSARY

AGL Above ground level

AIR - Aerospace Information Report

AL - A-Weighted sound level, expressed in decibels (See
LA)

ALM - Maximam A-weighted sound level, expressed in
decibels (see I-AM)

ALAM - As measured maximum A-weighted Sound Level

ALT - Aircraft altitude above the r.icropolone location

APP - Approach operational mode

CLC - Centerline Center

CPA - Closest point of approach

e - Distance

dB - Decibel

dBA - A-Weighted sound level expressed in units of
decibels (see AL)

df - Degree of freedom

A - Delta, or change in value

AI - Correction term obtained by correcting SPL values
for atmospheric absorption and flight track
deviations per FAR 36, Amendment 9, Appendix A,

Section A36.11, Paragraph d
A2-

2 Correction term accounting for changes in event
duration with deviations from the reference flight
path

DUR(A) - "10 dB-Down" duration of LA time history

.'EPNL - Effective perceived noise level (symbol is
LEFN)

vii
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EV Event, test run number

FAA - Federal Aviation Administration

FAR - Federal Aviation Regulation

FAR-36 - Federal Aviation Regulation, Part 36

GLR - Graphic level recorder

HIGE - 1over-in-ground effect

HOGE - Hover-out-of-ground effect

IAS - Indicated airspeed

ICAO - International Civil Aviation Organization

IRIG-5 - Inter-Range Instrumentation Group B (established
technical time code standard)

J The value whica determines the radiation pattern

RCA) - Propagation constant describing the change In dBA
'rith distance

K(DUR) - Tht constant used to correct SEL for distance and

velocity duration effects in 42

KIAS - YVnots Indicated Air Speed

K(S) - Propagation constant describing the change in SEL
with distance

ts- Knots

LA - A-Weighted sound level, expreased in decibels

iUq - Equivalent sound level

' -FO - Level Flyover operational mcde

N - Sample Size

"s- National Weather Service

OASPLN - Maximum overall sound pressure level in decibels

PISLHi - Precision integrating sound level meter

viii



PNLM - Maximum perceived noise level

PNLTM - Maximum tone corrected perceived noise level

POP - Photo overhead positioning system

Q - Time history "shape factor"

R11 - Relative Humidity in percent

RPM - Revolutions per minute

SAE ,- Society of Automotive Engineers

SEL - Sound exposure level, expressed in decibels. The
integration of the AL time history, normalized to
one second (symbol is LAE)

SELAM - As measured sound exposure level

SEL-ALM - Duration correction factor

SHP - Shaft horse power

SLR - Single lens reflex (35 mm camera)

SPL - Sound pressure level

T - Ten dB down duration time

TC - Tone correction calculated at PNLTM

T/O - Takeoff

TSC - Department of Transportation, Tran portatton Systems
Center

V - Velocity

.VASI - Visual Approach Slope Indicator

V1  - Maximum speed in level flight with maximum
continuous power

VNE - Never-exceed speed

Vy - Velocity for best rate of climb

Ix
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INTRODUCTION

1.0 Introduction - This report documents the results of a Federal

Aviation Administration (FAA) noise measurement/flight test program

involving the Aerospatiale Dauphin twin-jet helicopter. The report

contains documentary sections describing the acoustical characteristics of

the subject helicopter and provides analyses and discussions addressing

topics ranging from acoustical propagation to environmental impact of

helicopter noise.

This report is the second in a series of seven documenting the FAA

helicopter noise measurement program conducted at Dulles International

Airport during the summer of 1983.

The Dauphin test program was conducted by the FAA in cooperation with

Aerospatiale Helicopter Corporation ai.d a number of supporting Federal

ggencies. The rigorously controlled tests involved the acquisition of

detailed acoustical, position and meteorological data.

This test program was designed to address a series of objectives

including: 1) acquisition of acoustical data for use in heliporl.

environmental impact analyses, 2) documentation of directivity

....characteristics for static operation of helicopters, (3) establisbment of

ground-to-ground and air-to-ground acoustical propagation relaLiOiaahipi

.for helicopters, 4) determination of noise evenit duration influences on

energy dose acoustical metrics, 5) examination of the differences between

noise measured by a surface mounted microphone and a microphone mounted at

a height of four feet (1.2 meters), and 6) documentation of noise levels

acquired using international helicopter noise certification test

procedures.



Mhe appendices to this document provide a reference set of acoustical data

for the Dauphin helicopter operating in A variety of typical flight

regimes. The first seven chapters contain the Introduction and

description of the helicopter, test procedures and test equipment.

Chapter 8 descriDes analyges of flight trajectories and meteorological

data and is doctunentary in nature. Chapter 9 delves intý the areas of

acoustical propagation, helicopter directivity for static opurations, and

variability in measured acoustical data over various propagation surfaces.

The analyses of Chapter 9 in some cases succeed in establishing

relationships characterizing the acoustic nature of the subject

helicopter, while in other instances the results are too variant and

anomalous to draw any firm conclusions. In any event, all of the analyses

-provide useful insight to people wcrking in the field of helicopter

e.nvir• entala±o•ouUatic&, CLLIUL iEL pLOvidiuIg a tool or by identifying

areas which need the illumination of further research efforts.

-11. -2
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TEST HELICOPTER DESCRIPi ION

2.0 Test Helicopter Description - The SA 365N Dauphin 2 is a twin

turbin-powered transport helicopter capable of carrying eight passengers

and a crew of two. The helicopter is manufactured by Aerospatiale

Helicopter Corporation of Grand Prairie, Texas, and was certificated by

the FAA in November 1981. Standard features of the aircraft include a 177

cubic foot cabin with removable passenger seats, provision for air

"conditioning and soundproofing, and a baggage compartment of approximately

55 cubic feet. An additional feature of the aircraft is the fenestra, a

tail rotor encased in a shroud or duct and mounted in line with the

tailcone axis.

Besides the standard configuration, the helicopter is available in a

special aeromedical version. The "intensive care" layout of this version

a•llows for transportation of two patients on stretchers, a doctor and

medical equipment. The "ambulance" layout allows for transportation of

"'- four patients on stretchers, a doctor and equipment.

Selected operational characteristics, obtained from the helicopter

"" -tmanufacturer, are presented in Table 2.1.

. able 2.2 presents a summary of the flight operational reference

- $parame ters determined using the procedures specified in the International

'Civil Aviation Organization (ICAO) noise certification testing

* ' requirements. Presented along with the operational parameters are the

' "altitudes that one would expect the helicopter to attain (referred to the

* ICAO reference test sites). This information is provided so that the

reader may implement an ICAO type data correction uislug the "As Measured"

data contained in this report. This report does not undertake such a

correction, leaving it as the topic of a subsequent report.

3
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TABLE 2.1

HELICOPTER CHARACTERISTICS

HELICOPTER MANUFACTURER Aerospatiale Helicopter Corporation

HELICOPTER MODEL SA 365N Dauphin 2

HELICOPTER TYPE Single rotor

TEST HELICOPTER N-NUMBER 365 AH

MAXIMUM GROSS TAKEOFF WEIGHT 8488 lbs (3850 kg)

NUMBER AND TYPE OF ENGINE(S) 2 Turbomeca ARRIEL 1C

SHAFT HORSE POWER (PER ENGINE) 710 HP

MAXIMUM CONTINUOUS POWER 594 HP

SPECIFIC FUTEL CONSUMPTION AT
MAXIMUM POWER (LB/HR/HP) : 85 Las/RH/HP

NEVER EXCEED SPEED (VN) N 175 KTS

MAX SPEED IN LEVEL FLIGHT
WITH MAX CONTINUOUS POWER (V ) 150 KTS TAS @3850 kg Sea Legvel _ nard

SPEED FOR BEST RATE OF CLIMB (Vy) 75 KTS

BEST RATE OF CLIMB 2 1600 fpm

MAIN AND TAIL ROTOR SPECIFICATIONS

"MAIN TAIL

ROTOR SPEED (100%) 365 rpm &706 rpM

DIAMETER : Q470 inll.3w) .1 51 -in (.9 m)

CH...RD. :385mm (15.2 in) 1.71 in.

-NUMBER OF BLADES . 4 13

-PERIPHERAL VELOCITY 748 fps 727 fDs

DISK LOADING 7O7 - h0/ftA 2

FUNDAMENTAL BLADE PASSAGE
-TFREQUENCY __24 Hz 1020 Hz

ROTATIONAL TIP MACH NUMBER (77 0 F) .6587 .6402

4



TABLE 2.2

ICAO REFERENCE PARAMETERS

TAKEOFF APPROACH LEVEL FLYOVER

AIRSPEED (KTS) : 75 75 135

RATE OF CLIMB/DESCENT (fpm) 1600 794 N/A

CLIMB/DESCENT ANGLE (DEGREES) 12.20 60 - IA

ALTITUDE/CPA (FEET)

SITE 5 221/216 3291327 492

SITE 1 :_112_/.347 492

SITE 4 /5 44§6443a 492

". Z "';SLANT RANGE (FEET) TO

.ITE 2 607 630

'SITE 3 607 630 696

5



TEST SYNOPSIS

3.0 Test Synopsis - Below is a listing of pertinent details pertaining to

the execution of the helicopter tests.

1. Test Sponsor, Program Management, and Data Analysis: Federal

Avtation Administration, Office of Environment and Energy, Noise Abatement

Division, Noise Technology Branch (ALE-120).

2. Test Helicopter: SA 365N Dauphin 2, provided by Aerospatiale

Ht licopter Corporation

3. Test Date: Monday, June 6, 1983

4. Test Location: Dulles International Airport, Runway 30 over-run

area,

5. Noise Data Measurement (recording), processing ýnd analysis:

Department of Transportation (DOT), Transportation Systems Center (TSC),

Noise Measurement and Assessment Facility.

6. Noise Data Measurement (direct-read), processing and analaysis:

FAA, Noise Technology Branch (AEE-120).

7. Cockpit instrument photo documentation; photo-altitude

determination system; documentary photographs: Department of

-•i.Transportation, Photographic Services Labot itory.

8. Meteorological Data (fifteen minute observations): National

W-eather Service Office, Dulles International Airport.

0 . 9. Meteorological Data (radiosonde/rawinsonde weather balloon

• launches): National Weather Service Upper Air Station, Sterling Park,

'Virginia,.

7



jFlight Test and Noise Measurement Personnel
In Action

FIGURE 3.1
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10. Meteorological Data (on site observations): DOT-TSC.

11. Flight Path Guidance (portable visual approach slope indicator

(VASI) and theodolite/verbal course corrections): FAA Technical Center,

ACT-310.

12. Air Traffic Control: Dulles International Airport Air Traffic

Control Tower.

13. Test site preparation; surveying, clearing underbrush, connecting

electrical power, providing markers, painting signs, and other physical

arrangements: Dulles International Airport Grounds and Maintenance, and

Airways Facilities personnel.

Figure 3.1 is a photo collage of flight test and measurement personnel

performing their tasks.

3.1 Measurement Facility - The noise measurement testing area was located

adjacent to the approach end of Runway 12 at Dulles International Airport.

(The approach end of Runway 12 is synonymous with Runway 30 over-run

area,) The low ambient noise level, the availability of emergency

:" quipment, and the security of the area all made this location desirable.

Figure 3.2 provides a photograph of the Dulles terminal and of the test

-&tea.

-The test area adjacent to the runway was nominally flat with a ground

cover of short, clipped grass, approximately 1800 feet by 2200 feet, and

.ordered on north, south, and west by woods. There was minimum

iýnIterference from the commercial and general aviation activity at the

airport since Runway 12/30 was closed to normal traffic during the tests.

The runways used for normal. traffic, iL and 1R, were approximately 2 and 3

miles east, respectively, of the test site.

9



Figure 3.2

The Terminal and Air Traffic Control Tower
at Dulles International Airport
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Approach to Runway 12 at Duiles Noise
Measurement Site for 1983 Helicopter Tests5
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The flight track centerline was located parallel to Runway 12/30 between

the runway and tne taxiway. The helicopter hover point for the static

operations was located on the southwest corner of the approach end of

Runway 12. Eight noise measurement sites were established in the grassy

area adjacent to the Runway 12 approach ground track.

3.2 Microphone Locations - There were eight separate microphone sites

located within the testing area, making up two measurement arrays. One

array was used for the flight operations, the other for the static

operations. A schematic of the test area is shown in Figure 3.3.

A. Flight Operations - The microphone array for flight operations

consisted of two sideline sites, numbered 2 and 3 in Figure 3.3, and three

centerline sites, numbered 5, 1, and 4, located directly below the flight

path of the helicopter. Since site number 3, the north sideline site, was

located In a lightly wooded area, it was offset 46 feet to the west to

provide sufficient clearance from surrounding trees and bushes.

B. Static Operations - The microphone array for static operations

consisted of sites 7H, 5H, 1H, 2, and 4H. These sites were situated

around the helicopter hover point which was located on the southwest

corner of the approach end of Runway 12. These site locations allowed for

both hard and soft ground-to-ground propagation paths.

3.3 Flight Path Markers and Guidance System Locations - Visual cues in

the form of squares of plywood painted bright yellow with a black "X" in

the center were provided to define the takeoff rotation point. This point

was located 1640 feet (500 m) from centerline center (CLC) microphone

11
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FIGURE 3.3

Noise Measurement and Photo Site Schematic
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location. Four portable, battery-powered spotlights were deployed at

various locations to ausist pilots in mainta-ning the array centerline.

To provide visual guidance during the approach portion of the teuc, a

standard visual approach slope indicator (VASI) system was used. In

addition to the visual guidance, the VASI crew also provided verbal

guldance with the aid of a theodolite, Both methods assisted the

helicopter pilot in adhering to the microphone array centerline acid in

maintaining the proper approach path. The locations of the VASI from CLC

are shown in the following table.

Approach Angle Distance from CLC
(degrees) (feet)

12 1830
9 2456
6 3701
3 7423

Each of these locations provided a glidepath which crossed over the

-6=t14inc ccnter mirpoeicte ta liue of 394fet

13
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TEST PLANNCNG AND BACKGROUND

4.0 Test Planning/Background Activities - This section provides a brief

discussion of important administrative and test planning activities.

4.1 Test Program Advance Briefings and Coordination - A pre-test briefing

was conducted approximately one month prior to the test. The meeting was

attended by all pilots participating in the test, along with FAA program

maragers, manufacturer: test coordinators, and other key test participants

from the Dulles Airport community. During this meeting, the airspace

aafetA and communications protocol were rigorously defined and at the same

time test participants were able to iron out logistical and procedural

details. On the morning of the test, a final brief meeting was convened

on the flight line to review safety rules and coordinate lastnuinute

changes in the test schedule.

4.2 Communications Network - During the helicopter noise measurement

test, an elaborate communications network was utilized to manage the

various systems and crews. This network was headed by a central group

which coordinated the testing using thrae two-way radio systems,

designated as Radios 1-3.

Radio 1 was a walkie talkie system operating on 169.275 MHz, providing

communications between the VASI, National Weather Service, FAA Acoustic

Measurement crew, the TSC acoustic team coordinator, and the noise test

coordinating team.

Radi. 2 was a second walkie talkie system operating on 170.40 MHz,

providing communications between the TSC acoustic team coordinator and ti-e

TSC acoustic measurement teams.

15
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Radio 3, a multi-channel transceiver, was used as both an air-to-ground

and ground-to-ground communications system. In air-to-ground mode it

provided communications between VASI, helicopter flight crews, and noise

test control an 123.175 MHz. In ground-to-ground mode it provided

communications between the air traffic control tower (121.9 MHz), Page

Avjet (the fuel source) (122.95 MHz), and noise test control.

A schematic of this network is shown in Figure 4.1.

4.3 Local Media Notification - Noise test program managers working

through the FAA Office of Public Affairs released an article to the local

medt explaining that helicopter noise tests were to be conducted at

Dutles Airport on June 6 the test day commencing around dawn and extending

' thtough midday. The article described general test objectives, flight

paths, and rationale behind Lite very early morning start t'Lm (low wind

requirements). In the case of a farm located very close to the airport, a

mepbar of the program mainagement team personally visited the residents and

-explained wýat was going to be involved in the test. As a consequence of

t ,s, e efforts-(it is assumed), there were very few complaints about the

te" t program.

4.4, Ambient Noise - One of the reasons that the Dulles Runway 30 Gver-run

"area was selected as the test site was the low ambient noise level in the

haea. Typically one observed an A-WeighLed LEQ on the order of 45 dB,

with dominant transient noise sources primarily from the avian and insect

-families. The primary offender was the Collinus Virginianus, commonly

known as the bobwhite, quail, or partridge. The infrequent intrusive

17
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sound pressure levels were on the order of 55 dB centered in the 2000 Hz

one-third octave band.

As an additional measure for safety and for lessening ambient noise, a

Notice to Airmen or UOTAM was iss-ed advising aircraft of the noise test,

and indicating that Runway 12/30 was closed for the duration of the test.
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DATA ACQUISITION AND GUIDANCE SYSTEMS

5.0 Data Acquisition and Guidance Systems - This section provides a

detailed description of the test program data acquisition systems, with

special attention given to documenting the operational accuracy of each

system. In addition, discussion is provided (as needed) which relates

field experiences which might be of help to others engaged in controlled

helicopter noise measurements. In each case, the location of a given

measurement system is described relative to the helicopter flight

path.

5.1 Approach Guidance System - Approach guidance was provided to the

pilot by means of a visual approach slope indicator (VASI) and through

verbal commands from an observer using a ballon-tracking theodolite. (A

picture of the theodolite is included in Figure 3.1, in Section 3.0.) The

VASI and theodolite were positioned at the point where the approach path

rntercepted the ground=

The VASI system used in the test was a 3--light arrangement giving vertical

displacement information within +0.5 degrees of the reference approach

slope. The pilot observed a green light if the helicopter was within 0.5

degrees of the approach slope, red if below the approach slope, white if

above. The VASI was adjusted and repositioned to provide a variety of

approach angles. A picture of the VASI is included in Figure 3.1, in

Section 3.0.

The theodolite system, used in conjunction with the VASI, also provided

accurate approach guidance to the pilot. A brief time lag existed between

the instant the theodolite observor perceived deviation, transmitted a

command, and the pilot made the correction; however, the theodolite crew

was generally able to alert the pilot of approach path deviations (slope

and lateral displacement) before the helicopter exceeded the limits of the

one degree green light of the VASI. Thus, the helicopter only

19
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TABLE 5.1

REFERENCE HELICOPTER ALTITUDES FOR APPROACH TESTS
(all distances expressed in feet)

MICROPHONE MICROPHONE MICHOPHONE
NOP. 4 NO. 1 NO. 5

APPROACH A : 8010 A : 7518 A = 702f.
ANGLE= 3 B = 420 B = 394 B = 368

C = +70 C = +66 C = +62

60 A = 4241 A = 3749 A : 3257
B = 446 B : 394 B : 342
C = +37 C = +33 C = 429

90 A : 2980 A = 2488 A : 1362

B = 472 B = 394 B = 316
C = 427 C = +22 C = +18

A = distance from VASI to microphone location

B : refcrcnce ncicopter altitude

C.: boundary of the 1 degree VASI glide slope
"beam width".

, -. 0
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occasionally and temporarily deviated more than 0.5 degrees from the

reference approach path.

Approach paths of 6 and 9 degrees were used during the test program.

Table 5.1 summarizes the VASI beam width at each measurement location for

a variety of the approach angles used in this test.

5.2 Photo Altitude Determination Systems - The helicopter altitude over a

given microphone was determined by the photographic technique described in

the Society of Automocive Engineers report AIR-902 (ref. 1). This

technique involves photographing an aircraft during a flyover event and

proportionally scaling the resulting image with the known dimensions of

the aircraft. The camera is initially calibrated by photographing a test

*4 i-object of known si:e and distance. Measuring the resulting image enables

calculation of the effective focal length from the proportional

relationship:

(image length)/(object length)-(effective focal length)/(object distance)

This relationship 's used to calculate the slant distance from microphone

-to aircraft. Effective focal length is determined during camera

-calibration, object length Is determined from the physical dimensions of

the &iraraft (typically the rotor diameter or fuselage) and the image size

is measured on the plotograph. These measurements lead to the calculation

... •of object distance, or the slant distance from camera or microphone to

aircraft. The concept applies sirAlarly to measuring an image on a print,

or mmeauring a projected image from a slide.

21



FI-a'ure5.
Photo Overhead Positioning System

(Pop system)

7.7

___ rond '~7-.Photogr'apher using the

the helicopter.

Artist's Drawing of the Photo Overhead Positioning
System (Fi~gure is not to scale.)

Photographs of' the Aerospatiale Dauphin ?, as taken
by the photographer using the POP system.
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The SAE AIR-902 technique was implemented during the 1983 helicopter tests

with three 35nm single lens reflex (SLR) cameras using slide film. A

camera was positioned 100 feet from each of the centerline microphone

4ocations. Lenses with different focal lengths, each individually

cplibrated, were used in photographing helicopters at differing altitudes

in order to more fully "fill the frame" and reduce image measurement

error.

The photoscaling technique assumes the aircraft is photographed directly

overhead. Although SAE AIR-902 does present equations to account for

"deviations caused by photographing too soon or late, or by the aircraft

Sdeviating from the centerline, t0tse corrections are not required when

"deviations are small. Typically, most of the deviations were acoustically

insignificant, Consequently, corrections were not required for any of the

1983 test photos.

The photographer was aided in estimating when the helicopter was directly

..overhead by means of a photo-overhead positioning system (POPS) as

illustrated in the figure and pictures in Figure 5.1 The POP system

* consisted of two parallel (t6 the ground) wires in a vertical plane

orthogonal to the flight path. The photographer, lying beneath the POP

system, initially positioned the camera to coincide with the vertical

S' ',plane of the two guide wires. The photographer tracked the approaching

helicopter in the viewfinder and tripped the shutter when the helicopter

crossed the superimposed wires. This process of tracking the helicopter

also minimized image blurring and the consequent elongation of the image

of the fuselage.
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A scale graduated in 1/32-inch increments was used to measure the

proje~cted image. This scaling resolution translated to an error in

altitude of less than one percent. A potential error lies in the scaler's

interpretation of the edge of the image. In an effort to quantify this

error, a test group of ten individuals measured a selection of the

fuzziest photographs from the helciopter tests. The resulting statistics

revealed that 2/3 of the participants were within two pecent of the mean

altitude. SAE AIR-902 indicates that the overall photoscaling technique,

Rnder even the most extreme conditions, rarely produces error exceeding

12 percent, which is equivalent to a maximum of I dB error in corrected

sound level data. Actual accuracy varies from photo to photo; however, by

using skilled photographers and exercising reasonable care in the

measurements, the accuracy is good enough to ignore the resulting small

$rror in altitude.

5.3 Cockpit Photo Data - During each flight operation of the test

program, cockpit instrument panel photographs were taken with a 35mm SLR

camera, with an 85mm lens, and high speed slide film. These pictures

served as verification of the helicopter's speed, altitude, and torque at

a particular point during a test event. The photos were intended to be

taken when the aircraft was directly over the centerline-center microphone

site, site #1 (see Figure 3.3). Although the photos were not always taken

at precisely that point, the pictures do represent a typtcal moment during

the test event. The word typical is important because the snapshot

freezes instrument readings at one moment in time, while actually the

readings are constantly changing by a small amount because of instrumunt

fluctuation and pilot input. Thus, fluctuations above or below reference

conditions are to be anticipated. A reproduction of a typical cockpit

photo is shown in Figure 5.2. The use of a video tape system is being

24
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considered for future tests to acquire a continuous record ot cockpit

parameters during each data run. Preliminary FAA studJes (April 1984)

indicate that this technique can be most successful using off the shelf

equipment. When slides were projected onto a screen, it was possible to

read and record the instrument readings with reasonable accuracy. This

data acquisition system was augmented by the presence of an experienced

cockpit observor who provided additional documentation of operational

parameters.

FIGURE 5.2

5.4 Upper Air Meteorological Data A•quisition/NWS: Sterling, VA- The

National Weather Service (WAS) at Sterling, Virginia provided upper air

meteorological data obtained from balloon-borne radiosondes. These data

consisted of pressure, temperature, relative humidity, wind direction, and

speed at 100' intervals from ground level through the highest test

altitude. The balloons were launched approximately 2 miles north of the

measurement array. To slow the ascent rate of the balloon, an inverted

parachute was attached to the end of the flight train. The VIZ Accu-Lok

(manufacturer) radiosonde employed in these tests consisted of sensors

25
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which sampled the ambient temperature, relative humidity, and pressure of

the air. Each radiosonde was individually calibrated by the manufacturer.

The sensors were coupled to a radio transmitter which emitted an RF signal

of 1680 MHz sequentially pulse-modulated at rates corresponding to the

values of sampled meteorological parameters. These signals were received

by the ground-based tracking system and converted into a continuous trace

on a strip chart recorder. The levels were then extracted manually and

entered into a minicomputer where calculatiolks were performed. Wind

speed and direction were determined from changes in position and direction

of the "flight train" as detected by the radiosonde tracking system.

Figure 5.3 shows technicians preparing to launch a radiosonde.

, FIGURE 5.3
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The manufacturer's specificarions for accuracy are:

Pressure - +4 mb up to 250 mb

Temperature - +0.5 0 C, over a range of +30 0 C to -300 C

Humidity - +5% over a range of +25%C to 50C

The National Weather Service has determined the "operational accuracy" of

a radiosonde (as documented in an unpublished reporL entitled "Standard

for Weather Bureau Field Programs", 1-1-67) to be as follows:

Pressure - +2 mb, ovev a range of 1050 - 5 mb

Temperature - 41°C, over a range of +500C to -70°C

Humidity - +5% over a range of +400C to -40%C

The temperature and pressure data are considered accurate enciugh for

general documentary purposes. The relative humidity data are the least

reliable. The radiosonde reports lower than actual humiditieb WhIeLL the

air is near saturation. These inaccuracies are attributable to the slow

response time of the humidity sensor to sudden changes. (Ref. 2).

5.5 Surface Meteorological Data Acquisition/NWS: Dulles Airport - The

National Weather Service $tation at Dulles provided temperature,

windspeed, and wind direction on the test day. Readings were noted every

15 minutes. These data are presented in Appendix H. --le temperature

transducers were located approximately 2.5 miles east of the test site at

a height of 6 feet (1.8 m) above the ground, the wind instruments were at

a height of 30 feet (10 m) above ground level. The dry bulb thermometer

and dew point transducer werr contained in the Bristol (manufacturer)

1O-61 system operating with + one degree accuracy. The windspeed and

direction were measured with the Electric Speed Indicator (manufacturer)

P420C System, operating with an accuracy of 1 knot and +5° (maximum

error).

27



On-site meterological deta were also obtained by TSC personnel using a

Climatronics (manufaczuter) model EWS weather system, The anemometer and

temperature sensor were located 10 feet above ground level at noise

site 4. These data are presented in Appendix I. The following table

identifies the accuracy of the 1.ndividual components of the EWS

system,

Sensor Aacuracy ! e Time Constant

Windspeed +.025 mph 0-100 mph 5 sec
or 1.5%

Wind +1.5% 0-360* Mech 15 sec
Direction 0-540* Elect

Relative +2% 0-100% RH 10 sec
Humidity 0-100% RH

Temperature +I.O0F -40 to +120*F 10 sec

After "detection' (sensing), the nrtteorological data are recorded on a

lustrak (manufacturer) paperchart recorder. The following table

Identifies the range and rejolutions associated with the recording of each

parameter.

Sensor fans Chart Resolution

Windapeed 0-25 TSC mod +0.5 mph
0-50 mph

.Vind 0-540" +5*
"Direction

Relative 0-100% RP. +2% RH
tiwaidity

Temperature -400 to 120*F +I1F

5.6.0 Noise Data Acquisition Sytems/System Deployment - This section

provides a detailed description of the acoustical measurement systems

vmployed in the test program along with the deployment plan utilized in

each phase of testing.
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5.6,1 Description of TSC Magnetic Recording Systems - TSC personnel

deployed Nagra two-channel direct-mode tape recorders. Noise data were

recorded with essentially flat frequency response on one channel. The

same input data were weighted and amplified using a high frequency

pre-emphasis filter and were recorded on the second channel. The

pre-emphasis netwosk rolled off those frequencies below 10,000 Hz at 20 dB

per decade. The use of pre-emphasis was necessary in order to boost the

high frequency portion of the acoustical signal (such as a helicopter

spt c-uLA) characterized by large level differences (30 to 60 dB) between

tu bhigh and low frequencies. Recording gains were adjusted so that the

best possible signal-to-noise ratio would be achieved while allowing

enough 'head room" to comply with applicable distortion avoidance

-requiremonts.

XRIG-B time code synchronized with the tracking time base was recorded on

the cue channel of each system. The typical measurement system consisted

of a General Radio 1/2 inch electret microphone oriented for grazing

"incidence drivivg a General Radio P-42 preamp and mouated at a height of

... four feet (1.2 meters). A 100-foot (30.5 meters) cable was used between

-the tripod and the instrumentation vehicle located at the perimeter of the

test circle. A schematic of the acoustical inbtrumentation is shown in

5c.4.S•: ::,gure 54

,:igure 5.4 also shows the cutaway windscreen mounting for the ground

unicrophone. This configuretton places the lower edge of the microphone

disphraa approximately one-half inch from the plywood (4 ft by 4 ft)

"-surface. The ground microphcne was located off center in oirder to avoid

natural mode resonant vibration of the ylyuood sqvare.
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5.6.2 FAA Direct Read Measurement Systems - In addition to the recording

systems deployed by TSC, four direct read, Type-i noise measurement

systems were deployed at selected sites. Each noise measurement site

consisted of an identical microphone-preamplifier system comprised of a

General Radio 1/2-inch electret microphone (1962-9610) driving a General

Radj.o P-42 preamplifier mounted 4 feet (I.2m) above the ground and

oriented for grazing incidence. Each microphone was covered with a 3-inch

windscreen.

Three of the direct read systems utilized a 100-foot cable connecting the

microphone system with a General Radio 1988 Precision Integrating Sound

Level Meter (PISLM). In each case, the slow response A-weighted sound

level was output to a graphic level recorder (GLR). The GLRs operated at

a paper transport speed of 5 centimeters per minute (300 cm/hr). These

systems collected single event data consisting of maximum A-weighted Sound

Level (AL), Sound Exposure Level (SEL), integration time (T), and

equivalent sound level (LEQ).

The fourth microphone system was connected to a General Radio 1981B Sound

Level Meter. This meter, used at site 7H for static operations only,

provided A-weighted Sound Level values which were processed using a micro

sampling technique to determine LEQ.

All instrwnents were calibrated at the beginning and end of each test day

and approximately every hour in between. A schematic drawing of the basic

direct read system is shown in Figure 5.5.

31

<-~_.2_,



U) > t
C-) 0)

0 =J E C

0.0

4a-

0)0

M L

0)0
s 3)

gn

06
CLE

oz
4IJ~ I b

iCL.

32



5.6.3 Deployment of Acoustical Measurement Instrumnentation - This section

describes the deployment of the magnetic tape recording and direct read

noise measurement systems.

During the testing, TSC deployed six magnetic tape recording systems.

During the flight operations, four of these recording system were located

at the three centerline sites: one system at site 4, one at site 5, and

two at centerline center with the microphone of one of those systems at 4

feet above ground, the microphone of the other at ground level. The two

remaining recording systems were located at the two sidelinea sites. The

FAA deployed three direct read systems at the three centerline sites

during the flight operations. Figure 5.6 provides a schematic drawing of

the equipment deployment for the flight operations.

In the case of static operations, only four of the tix vuzUder systems

:.eere used. The recorder system with the 4-foot microphone at site I moved

to site 1H. The recorders at sites 4 and 5 moved to 4H and 5H

respectively. The recorder at site 2, the south sideline site, was also

.qsed. The three dir-ct read systems were moved from the centerline sites

to sites 5H, 2, and 4H. The fourth direct read system was employed at

":site 7H. Figure 5.7 provides a schematic diagram at the equipment

.•-eloyment for the static operations.
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ACOUSTICAL DATA REDUCTION

6.0 Acoustical Data Reduction - This section describes the treatment of

tape recorded and direct read acoustical data from the point of

acquisition to point of entry into the data tables ahown in the appendices

of this document.

6.1 TSC Magnetic Recording Data Reduction - The analog magnetic tape

recordings analyzed at the TSC facility in Cambridge, Massachusetts were

fed into magnetic disc storage after filtering and digitizing using the

GenRad 1921 one-third octave real-time analyzer. Recording system

frequency response adjustments were applied, assuring overall linearity of

the recording and reduction system. The stored 24, one-third octave sound

pressure levels (SPLs) for contiguous one-half second integration periods

making up each event comprise the base of "raw data." Data reduction

followed the basic procedures defined in Federal Aviation Regulation (FAR)

Part 36 (Ref. 3). The following sections describe the steps invoived in

arriving at final sound level values.

6.1.1 Ambient Noise - The ambient noise is considered to consist of both

-the acoustical background noise and the electrical noise of the

measurement system. For each event, the ambient level was taken as the

five to ten-second time averagftd one-third octave band taken immediately

.prior to the event. The ambient noise was used to correct the measured

raw spectral data by substr•cting the ambient level from the measured

noise levels on an energy basis. This substraction yielded the corrected

noise level of the aircraft. The following execptions are noted:

1. At one-third octave frequencies of 630 Hz and below, if the

measured level was within 3 dB of the ambient level, the measured level

was corrected by being set equal to the ambient. If the measured level

was less than the ambient level, the measured level was not corrected.
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2. At one-third octave frequencies above 630 liz, if the measured

level was within 3 dB or less of the ambient, the level was identified as

"masked."

6.1.2 Spectral Shaping - The raw spectral data, corrected for ambient-

noise, were adjusted by sloping the spectrmn shape at -2 dB per one-third

octave for those bands (above 1.25 kHz) where the signal to noise ratio

was less than 3 dB, i.e., "masked" bands. This procedure was applied in

cases involving no more than 9 "masked" one-third octave bands. The

shaping of the spectrum over this 9-band range was conducted to minimize

EPNL data loss. This spectral shaping methodology deviates from FAR-36

procedures in that the extrapolation includes four more bands than

normally allowed.

6.1.3 Analysis System Time Constant/Slow Response - The corrected raw

&peutral data (contiguous linear 1/2 second records of data) were

processed using a sliding window or weighted running logarithmic averaging

procedure to achieve the "slow" dynamic response equivalent to the "slow

.response" characteristic of sound level meters as required under the

.provisions of FAR-36. The following relationship using four consecutive

data records was used:

0.1L -.•iL -2+ O 0.-1O 91iL
L. = 10 Log [0.13(10. i_)-1-O.2 1(10. i )+0.27(10. i )+0.39(10.'

where LI is the one-third octave band sound pressure level for the ith

one-half second record number.

6.1.4 Bandsharing of Tones - All calculations of PNLTM included testing

for the presence of band sharing and adjustment in accordance with the

procedures 4defined in FAR-36, Appendix B, Section B 36.2.3.3, (Ref. 4).

38



6.1.5 Tone Corrections - Tone corrections were computed using the

helicopter acoustical spectrum from 24 Hz to 11,200 Hz, (bands 14 through

40). Tone correction values were computed for bands 17 through 40, tae

same set of bands used in computing the EPNL and PNLT. The initiation of

the tone correction procedure at a lower frequency reflects recognition of

the strong low frequency tonal content of helicopter noise. This

procedure is in accordance with the requirements of ICAO Annex 16,

Appendix 4, paragraph 4.3. (Ref. 5)

6.1.6 Other Metrics - In addition to the EPNL/PNLT family of metrics and

the SEL/AL family, the overall sound pressure level and 10-dB down

duration times are presented as part of the "As Measured" data set in

Appendix A. Two factors relating to the event time history (distance

duration and speed corrections, discussed in a later section) are also

presented.

6.1.7 Spectral Data/Static Tests - In the case of static operations,

thirty-two seconds of corrected raw spectral data (64 contiguous 1/2

second data records) were energy averaged to produce the data tabulated in

Appendix C. The spectral data presented is "as measured" at the emission

a-ngls shown in Figure 6e1; established relative to each microphone

location. Also included in the tables are the 360 degree (eight emission

angles) average levels, calculated by both arithmetic and energy

averaging.

Note that "masked" levels (see Section 6.1,1) are replaced in the tables

of Appendix C with a dash (-). The indexes shown, however, were

calculated with a shaped spectra as per Section 6.1.2.
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6.2 FAA Direct Read Data Reduction - FAA direct read data was reduced

using the Apple lie microcomputer and the VISICALGM software package.

VISICALOM is an electronic worksheet composed of 256 x 256 rows and

columns which can support mathematical manipulation of the data placed

anywhere on the worksheet. This form of computer software lends itself

to a variety of data analyses, by means of constructing templates

(worksheets constructed for specific purposes). Data files can be

constructed to .ontain a variety of information such as noise data and

position data using a file format called DLF (data interchange

format).

Data analysis can be performed by loading DIF files onto analysis

templates. The output or results can be displayed in a format suitable

for inclusion in reports or presentations. Data tables generated using

theae LL•hchlquse are contain d in App- Rndicez B and D. And are discussed In

Section 9.0.

"6.2.1 Aircraft Position and Trajectory - A VISICALOt DIF file was created

-,o contain the photo altitude data for each event of each test series for

the test conducted. These data were input into a VISICALCO template

-designated HELO ALT. The template HELO ALT was designed to perform a

3-point regression through the photo altitude data from which estimates of

.'aircraft altitudes could be determined for each microphone location.

"§.2.2 Direct Read Noise Data -. HELO NOISE was designed to take two

, .WISICAL0 DIF files as input. The first contained the "as measured"

411
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noise levels SEL and dBA obtained from the FAA direct read systems and the

1O-dB duration time obtained from the graphic level recorder strips, for

each of the three microphone si.tes.

The second consisted of the estimates of aircraft altitude over three

microphone sites. HELO NOISE performed calculations to determine two

figures of merit related to the event duration influences on the SEL

energy dose metric. This analysis is described in Section 9.4. All of

the available HELO NOISE output templates are presented in Appendix B.

42

Maim&"--



TEST SERWES DESCRIPTION

7.0 Tesz Series Description - The noise-flight test operations schedule

fkr the Aerospatiale 365N Dauphin consisted of two major parts.

The fOrst part or core test program included the ICAO certification tesr

operations (takeoff, approach, and level flyover) supplemented by level

flyovers at vari3us altitudes (at a constant airspeed) and at various

airspeeds (at a constant altitude). In addition to the ICAO takeoff

operation a second takeofi flight series was included in which takeoffs

were initiated from a hover taxi. An alternative approach operation was

also included, utilizing a nine degree approach angle to compare with ,he

eix ,'.-gtee ICAO approach data.

The second part of the test program consisted of static operations

designed to assess helicopter directivity patterns and examine

ground-to-ground propagation.

Vie following paragraphs describe the Datuphin test schedule by "rest

series", each test series representing a group of similar events. Each

noise event is iden~tfled by a letter prefix, cotresponding to the

appropriate test series, followed by a number which represents theI

numerical sequence of event (i.e., A], A2, A3, A4, B5, B6,.Ptc.). In I
some cases tbhe actual order of test sert-s may not follow alphabeticelly,

as a DI, D2, D3, D4, E5, E6, E8, H9, 1110, H11,... etc*). In the case of

",'atic operations the individual events are reported by the acouvstcal

ewissiun angle referenced to each individual microphone location (i.e.,

J120, J165, J210, J255, J300, J345, J030, J75). In eacb of the paragraphs

below, the -test target" operational parameters are specified. Actual

data rull pat -ýters are specified in the appendices of this document.
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Test Series A; Runs Al through A1O. This series consisted of level

flyovers at a target altitude of 500 feet (1.52.4 meters) above ground

level (AGL), at a target airspeed equal to 135 knots, 90 percent of

Vh.

Test Series B- Runs BI through B14. This series consisted of level

flyovers at a target altitude of 500 feet AGL (152.4 meters) ar a target

airspeed of 120 knots, 80 percent of Vh"

Test Series C; Runs CI5 through C20. This series consisted of level

.flyovers at a target altitude of 500 feet AGL (152.4 meters), at a target

airspeed of 105 knots, 70 percent of Vh,

Test Series D: Runs D21 thrnugh D25. This series conoisted of level

flyovers at a target altitude of 1000 feet AGL (304.8 meters), at a target

'airspeed of 135 knots, 9C percent of Vh.

.-,Test Series E: Runs E26 throi.gh E33. This test series reflects ICAO

certification takeoff test requirerents. All takeoff operations wee flown

,', the 300 degree direction, passing first over site 5, then sires I acd

4. Th. e airspeed requirement stipulates a constant velocity equal to Vy,.

yhtc.h is 75 knots for the Dauphin.

ý-.'. est Series F. Runs F34 through F36 and F46 through F52. This test

),Reries e-rnsited of approach operations flown on a magnetic heading of 1Ž0

#derecs. The helicopter pasned over sites 4, 1, and 5 in succession.

":is series reflects ICAO operational requirements, which stipulate a six

degree approach -atn at a constant tgrget airspeed of 75 knoto (Vy, epeed

'. for the beat rate of climb).

I4-,4
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Test Series G: Runs GA37 through GA40 and runs GB41 through GC46. The CA

series conslited of direct climb takeoffs for the best rate of climb from

5-foot h.over position. The GB series consisted of takeoffs for the best

angle of climb from a 5-toot hover position.

Test Series 11: Runs H52 through H56. This test series consisted of 9

degree approactes conducted at a constant target airspeed of 75

cr o t s.

LTest Stries i: hover-in-ground effect; skid height approximately five

feet above -round level. A one-minute sample of noise data was acquired

tfor eaJ.% of eight directivIty angles.

l1'est Series J3 Flight Pdle operations; skids on ground. A one-winute

:"? noise sample was acquired for each of eight directivity angles.

.7":.-rest Series K: k-1ver-ouz-of-ground effect; skid height approximately 70

tetr. (21.3 meters). A one-mvnut.e sample of noise data was acquired for
i.. t.;#'. -,[

".,eahof .ight difr-tccivty angles.

• , # "? " ' , .. .~- -
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TABLE 7.1

TEST SUMMARY

Test Series Operational Description

A 500' LFO IAS = 135 KTS

B 500' LFO IAS = 120 KTS

C 500' LFO IAS = 105 KTS

D 1000' LFO IAS = 135 KTS

E ICAO Takeoff

F 6 Deg ICAO Approach

GA Direct climb takeoff (Best rate of climb)

"GB Direct climb takeoff (Best angle of climb)

"4I 9 Deg App IAS - 75 KTS

. .iStatic (Hover-in-ground effect)

" ,." Static (Flight Idle)

S-K- . Static (Hover-out-of-ground effect)

-. . .... .. 6

.. -t' -.
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DOCUMENTARY ANALYSES

8.0 Documentary Analyses/Processing of Trajectory and Meteorological

Data - This section contains analyses which were performed to document

the flight path trajectory and upper air meteorological characteristics

(as a function of time) during the Dauphin test program.

8.1 Photo-Altitude Flight Path Trajectory Analyses - Data acquired from

the three centerline photo-altitude sites were processed on an Apple lie

microcomputer using a VISICALG® (manufacturer) electronic spread sheet

template developed by the authors for this specific application. The

scaled photo-altitudes for each event (from all three photo sites) were

entered as a single data set. The template operated on these data,

calculating the straight line slope in degrees between the helicopter

position over each pair of sites. In addition, a linear regression

analysts wa_- performed in order to create a straight line approximation to

the actual flight path. This regression line was then used to compute

estimated altitudes and CPA's (Closest Point of Approach) referenced to

each microphone location (Note: Photo sites were offset from microphone

sites by 100 feet). The results of this analysis are contained in the

ý ,tables of Appendix F.

Discussion - While the photo-altitude data do provide a reasonable

.. escription of the helicopttr trajectory and provide the means to effect

:distance corrections to a reference flight path (not implemented in this

:report), there is the need to exercise caution in interpretation of the

4'(



data. The following excerpt makes an important point for those trying to

relate the descent profiles (in approach test series) to resulting

acoustical data.

In our experience, attempts by the pilot to fly down a very narrow
VASI beam produce a continuously varying rate of descent. Thus while
the mean flight path is maintained within a reasonable degree of test
precision, the rate of descent (important parameter connected with
blade/vortex interacticns) at any instant in time may vary much more
than during o.perational flying. (Ref. 6)

Further, care is necessary when using the regression slope and the

regression estimated altitudLs; one must be sure that the site-to-site

slopes .are similiar (approximate constant angle) and that they are in

agreement with the regression slope. If these slopes are not in

agreement, then use photo altitude data along with the site-to-site slopes

in calculating altitude over microphone locations.

• J)
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8.2 Upper Air (500-2000 ft) Meteorological Data - This section documents

the coarse variation in upper air meteorclogical parameters as a function

of time for the June 6 test program.

The National Weather Service office in Sterling, Virginia provided

preliminary data processing resulting in the data tables shown in

Appendix 11. Supplementary analyses were then undertaken to develop time

histories of various parameters over the period of testing for selected

- altitudes. Each time history was constructed using least square linear

4 *-regression techniques for the five available data points (one for each

launch). The plots attempt to represent the gross (macro) meteorological

trends over the test period.

Wind - An examination of the wind data shown in Figures 8.1 and 8.2 shows

"> that at 500 and 1000 feet the cross wind components remained relatively

stable, rangpng rom 6 to 9 knoes and gradually dereasing asthe day

'progressed. At the 2000 foot level the wind speed increased from 10 to 15

knots between 5:00am and 9:00am. This, however, would not have evfected

� the flight of the helicopter because operations were conducted below

1190 feet AGL.
It.-. if• '"•

During the takeoff operations, between 6:30am and 8:00am, there was a tail

wind of 5 to 10 knots at the 500 foot level, which then increased to

:-' * Netween 13 and 15 knots at the 1000 foot level. At the 2000 foot level

t.he ,lnd shifted 180 degrees at a strength of approximately 14 knots.

'j•. yring the approach operations, between 8:00am and 9:00am there was a

alight headwind of 4 to 5 knots from ground to 500 feet ALG. The wind

increased at the 1000 foot and 2000 foot levels to 12 knots, but at 2000

feet it shifted 180 degrees, This shift in wind direction had no effect

on the test as all approach operetions were conducted at lower altitudes.
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FIGURE 8.1 FIGURE 8.2

'temperature - In Figure 8.3, which presents the time history analysis for

"t.."temperature, one can observe nearly constant temperatures at 1000 and 2000

. .feet above ground and a gradual warming trend at 500 feet. At ground

--level thete ws. a gradual increase in temperature between 5:00am and

z- "01,am, from 13 to 19 degrees C. The plot in Figure 8.3 shows a

temperature inversion between the ground and the 1000 foot level which

ujrersisted through out the flight operation portion of the test. The

d:: strength of the inversion was characterized by a 5' (or less) difference

b etqween temperature in the ground and at 500 feet AGL.
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Relative Humidity - As shown in Figure 8.4, relative humidity decreased

12% at the 500 foot level between 5z00am and 8:00am. This decrease can be

attributed to the burn off of the early morning surface moisture and the

dissipation of the inversion layer. During the flight operations the

relative humidity remainded at a nearly constant level of 80%.

As shown in ARP-866A, the relative humidity values paired with the

temperature values, for the time period of 5:00am to 9:00am, resulted in a

0.2dB correction for the 125Hz frequency band.

TEMPERATURE VS TIME RELATIVE HUMIDITY VS TIME
"JUNE 6 JUNE 6

LEGEND LEGEND
r- 0 FT AOL 

.500 rT AOL
t0oo rT AGL .1000 FT AOL
2..030 FT AOL I - 200C FT AGL

. f .,GR O U N D D A T A - G R O U N D D A T A

' 201

e80o

C.'

I '-- 
-- -- -• ' ' 

O i , I

50 O0W 70) 5n 900) iO103= I :00 1A 00 600 700 800 900 1000 1 '00 1200
"TIME OF DAY (Hr-) TIME OF DAY (Hrs)

'FIGURE 8.3 FIGURE 8.4
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Discussion - In the context of a noise measurement/flight test one

attempts to avoid so-called anomalous meteorological conditions, (see ref.

3) a concept that is difficult to define. In the initial paragraphs of

this section, the topic of atmospheric absorption was addressed,

concluding with a statement about the apparent stability in values.

Although the reasons behind the requirement to avoid "anomalous

conditions" arose from concerns involved with atmospheric absorption, one

might extend the requirement to include concerns for smooth flight, and

normal attitudinal operation of the helicopter. While extreme cross wind

components and/or ctrong shifts in wind in the vicinity of the test site

might suggest the presence of buffeting or turbulance, it is primarily the

pilot's reported ease or difficulty in flying the helicopter which

identifies a potential problem. While the data do suggest the presence of

'variation in wind speed and direction, they do not connote an extreme

condition which might lead to concern.

As a final note, the influence of wind on blade-vortex interactions (a

.,•strong function) cannot be completely addressed using the data presented

in this section. Rather, it is necessary to acquire data virtually

SConcurrent with the flight operations and in very close proximity to the

-:test helicopter. It is anticipated that future tests will employ tethered

balloon pystems deployed in close proximity to the test area.
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EXPLORATORY ANALYSES AND DISCUSSIONS

9.0 Exploratory Analyses and Discussion - This section is comprised of a

series of distinct and separate analyses of the data acquired with the

Aerospatiale Dauphin test helicopter. In each analysis section an

introductory discussion is provided describing pre-processing of data

(bayond the basic reduction previously described), followed by

preseatation of either a data table, graph(s), or reference to appropriate

appendices. Each section concludes with a discussion of salient results

and presentation of conclusions.

The following list identifies the analyses which are contained in this

section.

9.1 Variation in noise levels with airspeed for level flyover

operations

9.2 Static data analysis: source direcLivity and hard vs. soft

propagation characteristics

9.3 Comparison of noise data: 4-foot vs. ground microphones

9.4 Duration effect analysis

9.5 Analysis of variability in noise levels for two sites

equidistant over similar propagation paths

9.6 Variation in noise levels with airspeed and rate of descenL for

approach operations

9.7 Analysis of ground-to-ground acoustical propagation for a

nominally soft propagation path

9.8 Air-to-ground Acoustical propagation Analysis
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9.1 Variation in Noise Levels with Airspeed for Level Flyover

Operations - This section analyzes the variation in noise levels for

level flyover operations as a function of airspeed. Data acquired from

the centerline-center location (site 1) magnetic recording system have

been utilized in this analysis. All data are "as measured", uncorrected

for the minor variations in altitude from event to event.

The data scatter plotted in Figures 9.1 through 9.4 represent individual

noise events for each acoustical metric. The line in each plot links the

average observation at each target airspeed.

Discussion - The plots show the general trend that can be expected with an

Increase in airspeed during level flyover operations. It has been

obseryed that as a helicopter increases its airspeed, two

a'coustically related events take place. First, the noise event duration

is decreased as the helicopter passes more quickly. Second, the source

;.acoustical emission characteristics change. These changes reflect the

aerodynamic effects which accompany an increase in speed. At speeds

b.igher than the speed for minimum power, the power required increases with

}•pp icrease in airspeed, These influences lead to a

.,anolse intensity versus airspeed relationship generally approximated by a

jt hallow parabplic curve. A steep upturn in noise level can occur at

,higher speeds as a consequence of increasing advancing blade tip Ma.h

number effeqts, which in turn generate impulsive noise.
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Noise versus airspeed plots are shown for various acoustical metrics in

Figures 9.1 through 9.4. Each of these unremarkable plots display a very

weak sensitivity for the range of airspeeds considered. It is likely thgt

the curve would gradually turn upward if higher airspeed data were added.

LFO Noise versus Speed
SA-36.5N Dauphin
Centerline Center S>te FIGURE 9.1
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Target Indicated Air-peed (kts)

LF0 Nos ve Speed
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LFO No*se versus Speed
SA-365'N Dauphin
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FIGURE 0.3
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Cen-terline tenter -. to

10 0I

FIGURE 9.4
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Y.2 Static Operations: Analysis of Source Directvitv. and Hard vs. Soft

Path ftoptation Characte.:istics - Th's analys's .Is comprised of two

principal components. Firbt, the plots shovn in Figures 9.5 through 9.7

depict the time averaged directivity patterns for various static

operatiovs for measurement sites located equidistant from the nover point.

The gecond ccmpcnent involves the fact that one of the two sites lies

separated from the hover point by a hard asphalt surface, ýhile the other

site is separated from the hover point by a soft grassy surface. The

difference in the propagation of sound over the two disparate surfaces is

naflecrted in the difference betweev the upper and lower curves in each

plot.

TUme averaged (approximately 60 secondq) data are shown for acoustical

.:'4m-•ie.•Al on •directivity angles (see Figure 6.1) established every 45 degreec

S (rto the awe of the helicspver (zero degrees), ir a cloe:kwise fashion.

, " : 'Attat. plotted in theme figures can be found In Appendix C for micropiones
Q.

U And 2.

bscum-sioio- The plots contained in this analysis drautatically portray the

"; ats.-• Xroctive ýature of the Aerospatiale Dauphin acoustical radiation pattern

"for osotic aoerations, Further, this analynis reveals a spacially

, -average4d difference of 3 to 6 dB in sound levels for sitez located 500U!
"-•4 ilet from a helipad, with one site over a soft surface and the other over

ha - rd surface. Another significant observation is tae marked dip

;pbst~rved In the radiation pattern oft the right side of the helicopter.

* .":, etch c&a. 4iscussed below, observations concerning noise impact afnd

acceptabizity are based on consideratcon of typical urban/community

"-ahi• , rotse levels avd the levels of uTban transportation noise sources,
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In general, the interpi:etation of environm: ntal impact requires careful

consideration of the ambient .sound levels in the vicinity of the specific

helipo.rt under consideration.

Discussion: Hover in Ground Effect (HIGE) - The HIGE data plot, Figure

9.5, shows the marked left side directivity pattern mentioned above. The

sound level values, in the upper to mid 70's for the bard path (at 500

feet), can in some situations (especially with long duration) present an

environmental noise problem. On the other hand, the soft path values

Ta.nge in the low to mid 70's, values which may also be of concern in a

quiet urban environuient. The point is that there '.;ists a significant

advantage in situating a heliport in a location where noise sensitive

areas are separated from the heliport by an acoustically absorbent surface

such as grass.

Discussion: Hover Out of Crmind Effect (fOGE) - The comcnts maJde above

certainly apply as well in the case of HOGE, a transitional flight regime,

shown in Figure 9.6. A mitigating consideration, however, is that the

sound levels (AL) in the vicinity of 80 to 85 dB are invariably of the

short duration generally associated with ingress/egress operations. These

levels are likely to be perceived above other transient transportation

noise soun.ds.

. . . .DA.PHIN loot+ DAUPHI N
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. • ': . . . . . . . .

£ 0 PATH-44. . .
, A .. .. ,, . ./ .i.. .. . . . - • .. ... .. .
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S O F,..--T ....... -.......... . '"" .' .. .

G
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* PT 180 27B AVI 5J9j 1. . . . . .

EMISSION DIRECTIUITY ANGLE EMISC' 101 O;£ECTI'JITY AiGLE
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Discussion: Flight Idle (FI) - Noise data for the flight idle operations

are shown in Figure 9.7. As discussed in the case of HIGE, the hard path

ecenario could pose minor concern in certain urban residential

situations.

In all of the cases examined in this analysis, it is evident that ground

surface characteristics play a very significant role in ground-to-ground

propa.gation of sound in the vicinity of a heliport.

9: DAUPHIN
9'a - FLIGHt IDLEA 8 6 - .-

S82- HRD.PATH . .

A 78-

A 741
L• 66- ,., F

- 62 - OF PATH-
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54t . . . . . . . . . .

50 4.....I ..... I ........ I . ............. . I..... ......
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-' ... " ""FIGURE e.7
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9.3 Comparison of Measured Sound Levels: 4 Foot vs. Ground Microphones -

This analysis addresses the comparability of noise levels measured at

different heights above the ground surface. The topic is discussed in the

context of noise certification testing requirements. The analysis

involves examination of differences between noise levels acquired for

ground mounted and 4-ft mounted microphone systems. The objectives of

this analysis are as follows: 1) observe the value and variability of

ground/4-ft microphone differences and identify the degree of phase

coherence and 2) examine the variation with operational

pconfiguration.

'The data employed in this analysis are from microphone site #1, using TSC

ma•netic recordings (Appendix A). The mean differenc-.s between the ground

tand four foot microphones are shown in Table 9.1 for nine differeat test

"• -. fseries..

I'.,n conducting this analysis, our inictial assumption was that the

" a.;',•round-mounted microphone experiences phase coherent pressure doubling (a

'., Y`easokable assumption at the frequencies of interest). At the 4-foot

groapone, one would expect to see a lower value, somewhere within the

qge of 0 to tiB, dependin on the dpgree of random verses coherent

:-t,,'Wiase batween incident and reflected sound waves. It is also possible to

-. ,xper.ence phase cancellation between the two sound paths. If

' a' .encellatiun occurs at domil.nant frequencies, then one i. likely to observe

; nc,,,ire levels .at the 4-foot microphone more than 3 dB below the ground

•, ,- crophine values. In fact, significant cancellation is observed with

4  c,.stances of 5 to 6 d. (weighted metric) lower levels at the 4-foot

microphone.

•A.LM;
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Discussion - It is argued that acquisition of data from ground-mounted

microph6nes provides a cleaner spectrum, closer to the spectrum actually

emitted by the helicopter--that is, not influenced by a mixture of

constructive and destructive ground reflections. Theoretically, one would

be interested in correcting ground-based data to levels expected at 4 feet

or vice versa in order to maintain equally stringent regulatory policy.

In other words, to change a certification limit at a 4--ft. microphone to

fit a ground-based microphone test, one theoretically would have to

-increase the limit by an amount necessary to maintain equal stringency.

. 'xamination of the results in Table 9.1 show that most differences do fall

.- etween 3 and 5 dB, with some differences on the order of 6 dB. These

'!'•-- a,,ilrn arnecstent with theory and suggest that a degree of

cancellation typically accompanies the 3dB difference one would expect

f.:.4rom consideration of phase relationships.

"• -. ::The variability in test results between operational modes displays no

S. t clar pattern. The variation in difference in values can be considered to

reflect dtfferences in the "acoustical angle" or the angle of incidence at

.4the time. of maximum noise. These geometrical factors are also goined by

-.. •iffereneces in spectral content in influencing resulting sound level

-'.values. "

.., . - . ' • . .

--A-':• - . .:, "
: -,A . . . " ":< v .': . " : "
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HELICUFTER: DAWPHIN TABLE 9. 1

GROI) •n W3 VT. (1.2 M) MICROPHU9E DATA

"DELTA dB U(ND fIlC.) minus (4 FT. MIC.)

•TEET JAG•.E ]

SERIES OPEW(TIN -Slit (KlO) SEL AL EFNL. PNLTM

3 408D' LFV a8 135 5 4.6.

""508'FQ"" .4 M.) 4.8 4. 5.:3 4.9

G VQ~tf ' 6 105 4.0 fi 5.2 4.3

D IP0' illO 5 135 "3.9 4.7 d.9 S. I

.. .. 75 4.5 3.9 4.5 4

.4 75 5 4.5 5.1 4.5
tzi

5 3.4 2.. 3.7

-N' !-¾DESBAiT M NA NA NA

4=' . -. . .•_.•, " • "-

•• A..,'.-.i

ýME1IT0f0JLNM8 4.8 5.1 4.8

" -.. .6-- . •. ,62



9.4 Analysis of Duration Effects - This analysis explores the

relationship between the helicopter noise event (intensity) time-history,

the maximum intensity, and the total acoustical energy of the event. Our

interests in this endeavor include the following:

1) It is often necessary to estimate an acoustical metric given only

* part of the information required.

2) The time history duration is related to the ground speed and

..altitude of a helicopter. Thus any data adjustments for different

' l'Atjl*-1des and speeds will affect duration time and consequently the SEL

.(energy metric). The requirement to adjust data for these effects often

, .altee in environmental impact analysis around heliports. In addition, the

-'need to implement data corrections in helicopter noise certification tests

7" "tjr'har warrants the study of auration effects.

" .. "', o Aifferepx approaches have been utilized in analy-iug the effect of

-". y.Vent IU-iB-down duration on the acctmulated energy dose (Sound Exposure

.', *$-s ;, . . ..j~y ,

901 rch techniques are empirical, each employing the same input data but

y a-, n different theoretical approach to describe duration

" 4.• ! ~.:, ... •,

""T.h9t fundamental question one. may ask is "If we know the maximum A-weighted

• '.- ound level and we know the 10-dB-down duration time, can we with

Af:k". onfidence estimate the acoustical energy dose, the Sound Exposure Level?"

--A rephrasing of this question mighr be: If we know the SEL, the AL, and

the 10-dR-down duration time (DURATION), can we construct a universal

. elatqonship linking all three?

1: , '. .- AT-,, • Yt ,ý; .6
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Both attempts to establish relationships involve taking the difference

between the SEL and AL (delta), placing the delta on the left side of the

equation and solving as a function of duration. The form which this

function takes represents the differences in approach.

In the first case, one assumes that delta equals some constant K(DUR)

multiplied by the base 10 logarithm of DURATION, i.e.,

SEL - AL - K(DUR) X LOG(DURATION)

In the second case, we retain the 10 x LOG dependency, consistent with

theory, while achieving the equality through the shape factor, Q, which is

s•ome value less than unity i.e., SEL-AL - 10 x LOG(Q X DURATION). In a

situation where the flyover noise event time history was represented by a

s.tep function or square wave shape, we would expect to see a value of Q

equ.nltn precisely one. However, we know that the time history for

typical non-impulsive event is much closer in shape to an iaoceles

• • .;.i triangle and consequently likely to have a Q much closer to 0.5

-'irough investigating the characteristics of the shape factor, that is,

. ._.the variation in Q with ground speed and distance (i.e,, Duration) one may

. , e able to derive the expression for the aggregate acoustical radiation

! A-r:-attern suCh as dipole where Q-e/2, quadrupole, where Q-71/4, or monopole

' where Q-fl. This can be determined by solving the relationship between Q

*nd the ratio (f/J), where J is the value which determines the radiation

pattern,

Another possible use of this analytical approach for the assessment of

d•uration effects is in correcting noise certification test data which were

I'. ;#-quired under conditions of nonstandard ground speed and/or distance.
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Discussion- Each of the noise template data tables lists both of the

duration related figures of merit for each individual event (see

Appendix B). One immediate observation is the apparent insensitivity of

the metrics to changes in operation, and the extremely small variation in

the range of metric values, nearly a constant Q - 0.4 and a stable K(A)

value of 7.0. Data have been plotted in Figure 9.8 which show the minor

variation of both metrics with airspeed for the level flyover operational

configurations for the microphone site I direct read system. The lack of

variation in the parameters suggests that a simple and nearly constant

dependency exists between SEL, AL, and log DURATION, relatively unaffected

by changes in airspeed, in turn suggesting a consistent time history shape

for the range of airspeeds evaluated in this test. As SEL increases with

airspeed, the increase appears to be related to increase in ALM but

*itigated in part by reduced duration time (and a nearly constant

. K-7).

-It is interesting to note that similar results were found for the Bell 222

,• elicpter, suggeastin that different helicopter models will have similar

values for K and Q. This implies that it would be unnecessary to develop

: unique constants for different helicopter models for use in implementing

_z mentioned above, it is possible to establish an empirical aggregate

"acoustical radiation pattern by examining the relationship between Q and

"the ratio 1/J where J reflects the geometric nature of the radiation

"pattern. The term empirical aggregate is used in acknowledging the

multi-component characteristics of acoustical radiation from rowating

airfoils. While the conutant J may be of limited use in detailed,

"". .rst,-princtpal predictive acoustics, there may be uses in many
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semi-empirical engineering applications. As Is evident, the value of J

(J -nl/Q) determired from this empirical analysis is approximately 8.

FIGURE 9.8

Duration AnGlysis
SA-365N DAUPHIN

Level Flyoa r

9. 09

6, 08

7- 0.7

56 06
0

'-5 0.5w
:•.' • • ,, g 4, ....................... ....................... , .

.3 0.3

90 0a 100 105 1i20 1125 130 135 140
Sh. .:L.•,... , Indicated Airspeed:

o K (A) 500 ft.

.. A Q 500 ft.

+ K (A) 1000 ft.
.. .. ,."..."X Q 1000 ft.
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9.5 Analysis of Variability in Noise Levels for Two Sites Over Similiar

Propagation Paths - This analysis examines the differences in noise levels

observed for two sites each located 500 feet away from the hover point

over similar terrain. The objective of the analysis was to examine

variability in noise levels associated with ground-to-ground propagation

over nominally similar propagation paths. The key word in the last

sentence was nominally,...in fact the only difference in the propagation

paths is that microphone 1H is located in a slight depression, (elevation

is minus 2.5 feet relative to the hover point), while site 2 has an

elevation of plus 0.2 feet relative to the hover point. This is a net

difference of 2.7 feet over a distance of 500 feet. This configuration

serves to demonstrate the sensitivity of ground-to-ground sound

propagation over minor terrain variations.

D•tcw ,o4n - The results presented in Table 9.2, 9.3, aud 9.4 show the

"observed differences in time average noise levels for eight directivity

.::4angles and the spacial average. It is observed that significant

*'.. '..dlfferences in noise level. occur for the low angle (ground-to-ground)

propagation scenarios while the higher angle operation (HOGE - helicopter

: . fqet *bove ground level) reveals a difference of less than 1 dB. It

- _ay bq. •ncluded that very minor variations in site elevation may lead to

4,Qifferences in the measured noise levels for static operations.

It is also appropriate to acknowledge possible variation in the acoustical

: .4purce characteristics. In this analysis, data from microphone site 2 are

c." .. 'ompared with data recorded at site 1H approximately one minute later.

That is, the helicopter rotated 45 degrees every sixty seconds, in order

to project each directivity angle; there is a 45 degree separation
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between the two sites. In addition to source variation, it is also

possible that the helicopter "aim," based on magnetic compass readings may

have been slightly different in each case, resulting in the projection of

different intensities and accounting for the observed differences. A

final item of consideration is the possibility of shadowing and

refraction, discussed in following sections. It is worth noting that the

same general trends--similar results for HOGE, disparate results for HIGE

and Flight Idle--were observed in the test results for the Bell 222 (ref.

8). Regardless of what the mechanisms are which create this variance, one

can agree that static operations display sound levels intrinsically

variant in both direction and time, and also potentially variant (all

"other factors being normalized) over two nominally identical propagation

paths.

TABLE 9.2

j MW15E VERSUS DIRECTIVITY MMt6LES
FOR

7OW W SURFACES

.LMTIGN: HOJER-IN-GRWW

DIRECTIVITY •/•LES (DE6REES) L0(360 DEGREE)

SITE 0 45 90 135 19O 225 270 315 ENERGY ARITH.

"LEO LEO LEO LEV LEO LEO LED LEO LEO LEQ

iSWfT IH 70 70.5 70.4 69.9 70.1 75.7 69.2 NA 71.3 70.7

JOFT 2 73.3 76.2 76.8 75.1 82 NA MA 73.7 MA 76.2

•LTA d8 -3.3 -5.7 -A.4 -5.3 -11.9 NA NA NA NA -5.5

D* DELTA dO a (SITE IN) minusi (SITE 2)

lSItIE IN DATA FRMll rINWETIC RECORDING SYSTEMI SITE 2 DATA FROM DIRECT READ SYSTMI.

9Note: All data represent mean values for sample periods of
approximnately 40 to 60 seconds.
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TABLE 9.3

OPERTION,. HOJER-OLUT-OF-GROkD

DIRELTIVITY ANGLES (D-,GREES) Lav(360 DEGME.,

SITE 0 45 90 135 180 225 279 315 ENERGT ARITh.

LEO LED LEO LEO LEO LEO LEO LEO ,.Eu LEO

SOFT IN 77.8 79.8 79.4 79 82.C 81 82.1 78.3 86.3 90
SOFT 2 77,2 79.Q 80.1 79.3 82.2 82.6 80.3 79.7 80.4 80.2

D)LIA dO .6 -. 1 -. 7 -. 3 .6 -1.6 1,8 -1.4 -. -. 2

?DELTA 08 (SITE IH) MINUS (SITE 2)

"4 SITE 11H AND SITE 2 DATA FROM ttNE*TIC RECORDING SYSTMm

Note: All data represent mean values for sample periods of
approximately 40 to 60 seconds.

TABLE 9.L'

PEM"TIJNI FLI1HN IDLE

I . .. 'vn

WDIECTIVITY kGLES (DEGREES) Lav(360 DE&8EE)

SXTE 0 45 90 133 180 225 270 315 ENERY ARITH.

LEO LEO LEO LEO LEO LEO LEO LEO LE2 LEO

SOFT IN 66! t* 71.9 64.5 47.2 66.3 NA 72.3 69.! 69.1
SOFT 2 69.?9 NA N.4 69 65 73.4 78 78.1 NA 72

D•ELIA 0@ -3.5 HA 1.5 -4.5 2.2 -7.1 NA 45,8 INA -3.9

* DELTA dO z (S•(E 1) ninus (SITE 2)

it 51TE IN DATA KMfl KI4CC !ECORDING SYSTRi; SITE 2 DAIA FROM DIRMCT READ SYST7I.

Note: All data represent mean values for sample periods of
approximately 40 to 60 seconds.
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9.6 Variation in Noise Levels With Airspeed for 6 anc 9 Degree Approach

Operations - This section cxamines the variation in noise level between 6

and 9 degree approach operations. The approprtate series "As Measured"

acoustical data contained in Appendix A, have been tabulated in Table 9.5

and plotted (corrected for the minor differen'ces in altitude) in Figure

?.9. The objective in conducting this analysis is twofold: first, to

evaluate further th3 realm of "Fly Neighborly" operating possibilities,

and second, to consider whether or not it is reasonable to establish a

range of e-pproach operating conditions as allowable in a noise

cercification testing.

Discussion - In the approach operational mode, impulsive (banging or

slapping) acoustical signatures ate a result of the interaction between

vortices (generated by the fundamental rotor blade action) colliding with

. * successive sw•aps of the rotor blades (see Figure 9.10). As reported in

rafe.ence 7, for certain helicopters, maximum interaction occurs at
.arspeads in the 50 to 70 knot range, at rates-of-descent ranging from 200

to 400 feet per minute. When the rotor blade enters the vortex region, it

. .perience local pressure fiuctuations and associated changes in blade

loading. These perturbations and resulting pressure gradients generate

the characteristic impulsive signature.

TABLE 9.5

. . . Variations in 6 and 9 Degree
Approach Operations

APPROACH SITE 5 SITE 1 SITE 4
ANGLE AVERAGE LA AVERAGE LA AVERAGZ LA

60 87.5 85.6 84.3
As measured

89.8 84.8 81.8
As measured

9** 88.8 85.5 83.1
M o~uted

,*Avarge LA for 9 dei ree approach adjusted for difference. in
altitude between the 6 and 9 degree approaches.
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The data presented in Figure 9.9 portray the variation in noise level

along the ground track as th approach angle changes (with airspeed held

nominally constant). There appears to be a marked but small change in

noise level for the operations examined. It is nc;'oa that a more

exhaustive series of testing which would include 5 or 6 airspeeds for each

approach angle would be necessary to establish definitively the potential

benefit of 'Fly Neighborly" approach procedures.

The other significant observation involves the claegic problem of

improving thie situation at one point while making things worse at another.

This is the case with ý degree approach--marginally ouieter (-1 dB) at one

poInt and marginally louder (+1.5 dB) at another point, relative to the 6

degree approach. While the I to 2 dB differences are of little concern,

the potential fou biR improvement and simultaneous derogation (in noise

..level) murt be conqidered when aeveloping an effective "Fly Neighb,.•yj

.. prograA.

• . . ,: .. ,9 0 i Q k U F H I N H _ P r RI C 1O C H E j •:L

SetA
L 87' -

• .6 6: -L .•.

$5.- •,.•...LE

,.C,', L".e ]S34-.

.. . O .............. ....

FIGURE 9.9
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9.7 Analysis of Ground-to-Ground Acoustical Propagarton for a Nominally

Soft Propagation Path - This analysis involves the enyirical derivation of

propagation constants for a nominally level, "soft" path, a grouud surface

composed of mixed grasses. As discussed in previous analyses, t.! .-,vera

physical phenomena involved in the diminution of sound over distance nakes

It necessary to draw upon all pertinent theory to explain tCe various

results obtained.

A-weighted Leq data for the three static operational modes HIG?% H5C', cind

Flight Idle, have been analyzed in each case for eight different

directivity angles. Dir'ect read acoustical data from rstes 2 and 411 tVpre

been use* to calculate the propagation constants (K) as followni

K - (Leq(stre 2) - Leq(aite 4))/Log (2!1i

where the Log (2/1) factor represents the doubling of dislance

depvn*eacy (Sita 2 15 492 fe•et nd site 4H is 9•84 tce, from tirv hover

paint).

For each mode of operation, the average (over varioux directivty an,&)e)

'propagation constant has also bean computed.

• Th e data umod in this analysis (drived frow Apptndit C) are displayed it

v ý-.bl 9.6 and the results or% summarized in 4i tlt .7.

At first glanme the results nay appear somevhat dietres•ing and

Sinconsistent. %owever, upon ceasideration of rtt cb-haa e itt sp.trtal

content between different opetational scenarios, oe .nwy appro,.ch a degree

of understanding. The following paragraphs attempt to inttcpret the

trends we observe.
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Discucsion-

HIGE - In the case of HIGE, one must consaider the aggregate tat luence of

'spreading loss, along with the lumped effects of "ground-to-ground

.attenuation." The potential exists for refraction effects as well, which

might result iin shadowing or focusing of sound. The observed rate of

-. attenuation (somewhat unusual) which reflects a grouping of these

effects, resulting in a net value of approximately 20.

U)E- lin the case of HOGE, several changes take place. First) the

* 1 elkopt.er I.e at an altitude of approximately 70 feet above ground level,

A toultivng in less condenny for excess ground attenuation. Secondly, the

t.firequeucy 6:pectra shift toward a greater dominance of middle frequency

;ronntA- vory reasonabln rate of --an.t
4 ~ Wf OlC 

- - - - -
--

4-2 Is observed, Mike'-y dominated by the effects of spherical spreading

A '~ Vle - bý tha case of the flight idle ope ration, one observes a

attem3at.n ailso i.n the range one might expect for dominant

v~r). ~prq- so2d atmospheric absorpcion influences, K-26.

) A ho narcuriaJ. naýiira of ground'-to-g!tound pcopagation of helicopte r noise

FI4 ey fl&Sisfrm :xa~f?ttcr6 of tt'Q result. praoented anti discussed

We pimay .for~ratioa va3-ae of tbese results can perhaps be,

A~ , Thoi rate of dininution tSI to~io AI41 vary with op;erational mode.

4 altoug trong temperature ±ne:eo was not prestent at th-e time
of static opers-tiocs, ezperier-:v gained in the Bell 222 test

,A,*
(taf. 8) lead& to the follow1.tte useful observations. The

"-4,' I74
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influence of temperature inversions, typically encountered early

on summer mornings, is significant on surface propagation of

sound (giving rise to strong refraction effects). This

in turn leads to the following axiom: avoid early morning noise

assessmeitt/f light testing of helicopters in the static

operational modes.

3, While the issue of selecting a representative ground-to-ground

attenuation value to use in conducting environmental noise impact

analyses remains unresolved, considerable research in this area

continues. In the interim, a K value on the order of 25

(i.e.,&dB -. 25 log (dl/d 2)) will provide a working

approximation for calculating ground-t-ground diminutior. of

A-w~xlglzted sound' lcval oJer nominally Laoft oaths out to distances

-of 1000 feet.,
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TABLE 9.6

DATA UTILIZED IN COGPUITING EP2IRIC.4L
PROPAGTION Cft,11TAT (M0

DAUPHIN

6-6-83

SITE 4,• ER DATA

MOIIE HNO rLT. IDLE

1-0 ?K P- 7 J-0
!-M 4,1 K...-315 71.8 J-315 71.2
1-270 #. K-270 73.Ql J .1-0.3"1-225 K-2f1 75.3 I-225

-.1-180 79.4 '.-le 75.3 J-110 58.2
1-135 ., K.-35 ',?t2 Ul-135 57.7

* .~~~71.3 -02..- 45 JT,, --- 74.2 .-45 61.6

S .' : i:::O l~I.l

.1uzu

- " .- " 40* FLT, IDE
. r,. , +-.. '. ;- ,p+ " +

:'L74.9 -- ,? J-0 69
•23., -5 74.6 K-31, Ma.1 J-315 -78,1

Ile J2 ;KJ,27- -27" 70
75.1 M4. 3

-n N,6O Jt8 b .2.7 J-IRKS

"... E,..' . ÷ , O.

r• • -'.2 .V,,*,,14 r
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TABLE 9.7

EMPIRICAL PROPAGATION CONSTANTS (K)

EMISSIO, HIGE HOGE FLT ID
ANGLE K K K

0 22.59 25.25 22.92

315 21.59 27.57 22.92

S-7 22.26 28.9

25 24.92 24.58

ISO 8.64 24. 92 22.5

"29.24 19.6 37754

90 16.2e 28.9 24.92

~ 4166 21.93
.. 9.1.6. .2,'...42

21.26* 25.11** 24.47***

,.MOVEIAGE CALCULATED WXTHOJT 180 DEGREE DATA(8.64)

". .-AVERGE CALCULATED WITHOUT 135 DEGREE DATA (19.6)

V r*-� *AL•gi•G CLCULAVED WITHOUT 135 DEGREE DATA (37.54)
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9.8 Acoustical Propagation Analysis - The approach and takeoff operations

provided the opportunity to assess emp° -ically the influences of spherical

spreading and atmospheric absorption. Through utilization of both noise

and position data at each of the three flight track centerline locations

(microphones 5, 1, and 4), it was possible to determine air-to-ground

propagation constants.

The propagation constants (one would expect) would reflect the aggregate

influences of spherical spreading and atmospheric absorption. It is

assumed that the acoustical source characteristico remain constant as the

helicopter passes over the measurement array. In the case of a 60-knot

approach or takeoff, a helicopter would require approximately 10 seconds

"to travel the distance between measurements dites 4 and 5.

I.. n 'tbh fhe raen of rvhe sinagle event ntenr.ity metric, .. and the sine

event energy metric, SEL, the difference between SEL and AL is determined

"or each pair of centerlirne sites. The delta in each case is then equated

.,with the base ten logaricha of the respective altitude ratio multiplied by

tLa propagation constant (either KP(AL) or KP(SEL), the values to be

do ý4teat ed.

•a:ta have also been analyzed froum the 500 and 1000 foot level flyovei

: -,-zt-59pe•rations and the KU'(AL) bas been cowputed. Data were pooled for all

.-centeri)in3 sites (5, 1, and 4) ift thE procesa of arriving. at the

propagatiou coustant.

The takeoff axv~yseb at .sown in Table 9.8, 9.9, and 9.10 aM are

. .W.Lrixfl in labie 9.14. The approach analyses are shown in Tableýs 9.11

"'I 9,,2 and axe samarized ii TUble 9.13. Results of the level flyover

P I

• "••_- •' :: , • ::•::-..:.' .!h4"""4 '-.
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calculations are presented in Table 9.15. In addition, level flyover data

reported for the Bell 222 helicopter (ref. 8) have been further analyzed

and are presented in Table 9.16. Level flyover data are summarized in

Table 9.17.

TABLE 9.8 TABLE 9.9 TABLE 9.10

HELICOPTER: DAUPHIN HELICOPTER: DAUPHIN HELICOPTER: DAUPHIN

TEST DATE: 6-6-83 TEST DATE: 6-6-83 TEST DATE: 6-6-83

OPErATIi5: ICAO TAKEOFF OPERATION: UIRECT CLIMB TAKEOFF OPERATION: DIRECT CLIMB TAKEOFF

(BEST RATE OF CLIMB) (BEST RATE OF CLIMB)

MIC. 5-4 MIC. 5-4 MIC. 5-4

( NO. KP(AL) KP(SEL) EVENT NO. KP(AL) KP(SEL) EVENT NO. KP(AL) KP(SEL)

E26 NA NA A37 23.1 17 6841 32.3 23.6
E27 20.4 13,3 GA38 17.3 14.1 GB42 18.1 13

. E28 23.2 15.3 9A39 20.4 14.4 G843 18.6 13
-- 29 20.8 18.3 6844 17.5 15.4
9O0 20.3 15.9 A-ERAGE 20.1 15.2 C845 16.2 12.9
£31 2-3.? 15.4
E32 3.9 7.2 $TO. EV 2A9L i.58 ,-ERAGE 20.5 I5.6
E33 15.2 15.6

90% C.. 4.89 2.66 STO. DIV 6.65 4.60
ýWERA0E 21.1 15.9

90% C.I. 6.34 4.39
810"TD 0E 3.03 1.59

" •","ft C,1, ,,23 .1.16
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TPABLE 9.11 TABLE 9.12

HELICOPTER: DAUPHIN HELICOPTER: DAUPHIN

TEST DATE: 6-6-83 TEST DATE: 6-6-83

OPERATION: 6 DECREE APPROACH (HCAD) OPERATION: 9 DEGREE APPROACH

IC.. 5-4 M... 5-4

EVENT NO. Kr(AL) KP(SEL) EVENT NO. MPAL) KPSEL)

F36 27.8 16 1H53 42.4 28.7

F46 35,9 25.6 1454 38.4 24.3
F47 48.5 25.7 H455 42.3 22.9

F48 25.8 14.7 H56 33.4 19.3

F 49 23.4 17.9
F50 33.9 20 AVERAGE 39.1 23.8

AVERAGE 32.5 20 STD. DEV 4.26 3.87

Sjtt 2%STD. DEV 9.16 4.73 90?. C.I1. 5.01 4.55

;h .I1 7 ~. 3o .089

TABLE 9.13

Summiary Table of Propagation t.onutaiatw

'-a- .VeO for Two Approach Operations

h32.5

T E 9 Degree 39.1

Approach

'Aver a& 35.80
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TABLE 9.14

Sumary Table of Propagation Constants
for Three Takeoff Operations

ICAO Takeoff 21.2

Direct Climb Takeoff 20.3
(Best rate of climb)

Direct Clmb Takeoff 20.5
(hst angle of climb)

Average 20.67

TABLE 9.15

"LEVEL FLYOVER PROPAGATION ANALYSIS

Mikrophone Microphone Microphone Weighted
"". . ratiou Site 5 Site 1 Site 4 Average

14 N-38 1- 8 N4-8
5-'300' .9 V1  IM - 78.8 m- 78.5 m 77.8

Q- 1.5 or 1. 0AOr- 1.4 78.38

H" - 5 N -5 N - 5
71rpV T i.8 U -7-.8 tXm-71.1

"• .q-0 0.8 J - 1.0 0- 1.2 71.57

&dB - 6.8

K1• - d/log(1000/500)
I - 6.9/0.3
K - 22.67
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TABLE 9.16

VARIATION IN LEVEL FLYOVER NOISE
LEVELS - Bell 222*

Average LAM~ for Three
Operation Microphone Sites (6 events)

500' 79.8
at .9 V

1000' 71.5
at .9 Vne

&dB - 8.35
.K(P) - 8.35/(log 1000/500)

- 27.8

w Reference t

TABLE 9.17

Summuary for Level.Flyover Operations

Heleihopter Propagation Constant (k)

Bell 1.)2 27.8

Aerospatiale
Dauphin 2 22.7

Average 25.25
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APPENDIX A

Magnetic Recording Acoustical Data and Duration Factors
for Flight Cperations

This appendix ccntains magnetic recording acoustical data acqaired during
flight operations. A detailed discussion is provided in section which
describes tl.e data reduction and processing procedures, Helpful cross
refe:ences include measurement location layout, Figure 3.3; measurement
equ.pment schematic., Figure 5.4; and measurement deployment plan, Figure
5.7. Tables Aa and A.b which follow below provide the reader with a
guide to the structure of the appendix and the definition of terms used
herein.

TABLE A.a

The key to the table numbering system is as follows:

Table No. A. - 1

Appendix No. I

Helicopter No, & Microphone Location_ _-

rAge No. ot Group

Hicrophont5 No. . 1 centerline-center
1G centerline-center(flush)

2 sideline 492 feet (00m) south
3 sideline 492 feet (150m) north
4 centerline 492 feet (150r) west
5 centerline 617 feet (188m) east9m
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APPENOIX I

On-Site Meteorological Data

This appendix presents a summary of meteorological data collected on-site
by TSC personnel using a climatronics model EWS weather system. The
anemometer and temperature sensor were located 5 feet above ground level
at noise site 4. The data collection is further described in Section 5.5.

Within each table, the following data are provided:

Time(EDT) expressed in Eastern Daylight Time

Temperature expressed in degrees Fahrenheit and centigrade

Humidity expressed as a percent

Windspeed expressed in knots

Wind Direction direction from which the wind is blowing

Remarks observations concerning cloud cover and visibility

I ~ -- -- ~--



O~C1= 0 0 0 0 (D CD 0 0ý c) c)

ClEI-~ -~ -~ -0 - - - U- i-. -

Cz]

CO CC) l

CA.

;t I ('T C. U') r- U) W) -.0 C tj t\

t- t- r- U - - r-- 0- O-- co4)

aW

c'ji-4~ 
C.

0)

'N 'oj -- - CL~a c

(0 0

0~
'T Ln (\J (J ýj (-: I0 0 0 c



jo n

o~c (N 0Cn 000C LxCý U- 'o0 t- t-- '.o U. -)

Cl)-

-c-

>1)
CIS-

w I
-O - - - -' 0 --J -3 -A - C-- -' a' 0' - 0- 3 L

Cl) U) L) w E- o, r)" - q . -

EuE
CZ4 0

'-4

9-4-0

4-)

co)

0

a; N '.C M N~ N N A CM N .0N ' CM. -j N c-j N- a)

~~L'2' LA LA IC . .0'0 '\0 C- C- C- N- CO CON T Co j Coo- I--a -t E1)0

0n 0- 0N 0 10 \0 10 0 -0 -0 - OD 0 D O 0 01 0 0v 0\ U*

r - - C) C**( .-- 9 -2- -O-



I 0
I I

miV WIr Mv4;4v IN 4w 4r - 4 4"

0

01w4 M0 0% M.N P SID. 000 0W N V)a n qN m0 ~
'NC ~ CN4 N I4 v4* 4V 4 v.4v.44v q

I zo

v aNwI-N C yN INNFNNv 0v0N0

cc N. N 1 N On M GOO WWNNmfNr~%NISNNNrIrINN
0 -

IWW f) '414 V4V4 O0 0 clo obo0o W M DN N

I w

cc. 01I

I- DoI . 00*0b 0000 08o00000

hi(4C NNN N NN N Mi400



APPENDIX H

NWS - IAD Surface Meteorological Data

This appendix presents a summary of meteorological data gleaned from
measurements conducted by the National Weather Service Station at Dulles.
Readings were noted evey 15 minutas during the test. The data acquisition
is described in Section 5.5.

Within each table the following data are provided:

Time(EDT) time the measurement was taken, expressed in
Eastern Daylight Time

Barometric expressed in inches of mercury
pressure

Temperature expressed in degrees Fahrenheit and centigrade

Humidity relative, expressed as a percent

Wind Speed expressed in knots

Wind Direction direction from which the wind is moving
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APPENDIX G

NWS Upper Air Meteorological Data

This appendix presents a sunmiary of meteorological data gleaned from
National Weather Service radiosonde (rawinsonde) weather balloon
ascensions conducted at Sterling, VA. The data collection is further
described in Section 5.4. Tables are identified by launch date and launch
time. Within each table the following data are provided:

Time expressed first in eastern standard, then in
Eastern Daylight Time

Surface Height height of launch point with respect to sea level

uvight height above ground level, expressed in feet

Pressure expressed in millibars

Temperature expressed in degrees centigrade

Relative expressed as a percent

Humidity

Wind Direction measured in the direction from which the wind is
blowing

r..",-,, $•,,=- expressed in knots

• , • .. , • .

-- - -- - -- - -- - -- - -- - -



HELICOTER: DAUPHIN TABLE F.7

TEST WATE: 6-6-83

OPERTION: DIRECT CLI8 TAKEOFF (BEST RATE OF CLIMB)

CBETERLINE SIDELINE

m HIC I5141£I1 MIC 14 IC 1#2 HIC #3 REG.
EST. EST. EST. EST. ELEY EST. ELEV ANG AN6 AG C/D

WWOfT NO ALT. P-ALT. ALT. P-ALT. ALT. P-ALT. CPA ANG CPA ANG 5-1 1-4 5-4 ANGLE

BA37 117.9 108.9 171.5 163.6 214.2 205.1 521 19.2 519.8 19.6 6.40 4.80 5.59 5
18 122.7 113.8 175.2 167.5 217.2 208.2 522.3 19.6 520.1 20 6.20 4.70 5.48 4.9
M 106.5 99.3 152.7 144.7 189.6 182.4 515.2 1'.2 513.4 17.6 5.30 4.40 4.83 4.3
OW 114.2 111.2 169.1 146.9 212.9 211.4 520.3 19 518 19,4 4.20 7.50 5.81 5.1
BA41 177.2 157.4 299.4 NA 372.1 352.3 575.9 31.3 568 NA NA NA 11.20 11.2

HELICOPTER; DAUPHIN TABLE F.8

TEST DATE; 6-6-83

WIEPATI4: DIRECT CLIMB TAKEOFF (BEST AWiLE OF CLIMB)

C -4TI'EOL I NET SIDELINE

HiC 85 1ic 1 #IIC 14 IIC 12 hIC 13 REG.
EST. EST. ESY. EST. ELEV EST. ELEV ANG ANC AN C/D

SW NO ALT. P-ALT. ALT. P-ALT. ALT. P-ALT. CPA ANG CPA 1*46 5-1 1-4 5-4 14WLE

0941 232.5 NA 305.8 293.9 364.2 352.3 579.3 31.9 582.2 NA NA 6.80 NA 6.8
8942 181.7 165.5 279.1 264.2 356.9 340.6 565.7 29.6 559.6 30.2 11.30 8.80 10.09 9.1
6943 19$.5 174.6 313.7 309.7 404.7 378.1 593.5 32.5 575.8 33.2 15.40 7.90 11.68 10.6
O644 213.7 192 327.9 316.5 419.8 396.3 591.2 33.7 593.2 34.4 14.20 9.20 11.73 10.6

" "'1S45 221.9 195.9 340.6 323.6 477.3 NA 603.5 35.4 610.5 NA 14.60 NA NA 14.6

IILICI'TERa WAIHIN TABLE F.9

-TEST DATE -4-6-83

8PEMTIW, 9 DEGREE APPROACH
.J

CENTERLINE SIDELINE

"hic 65 H IC 1C 14 6IC 1 2 HIC 13 REG.
EST. ET. EST. EST. ELEV EST. ELEV ANG 46 1*46 C/D

6W NOI H ALTo P-ALT. ALT. P-ALT. ALT. P-ALT. CPA AN6 CPA AN4 5-1 1-4 5-4 ANG6LE

.M453 268.5 251.3 383.3 361.6 474.9 458 623.7 37.9 614.8 38.5 12.60 11.10 1I.86 10.7
"154 261.9 260.9 399.1 379.5 474.6 452.9 627.2 38.3 618.8 38.9 13.60 8.50 11.04 10
ft1 317.1 305.3 401.7 .'13.6 469.3 458 635.2 39.2 628.4 39.7 9.00 8.60 8.82 7.9

. , 156 278.5 260,9 385.4 368.0 470.6 452.9 625 38.1 616.6 38.6 12.40 9.70 11.04 9.9
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HELICOPTER: DAUPHIN TABLE F.5

TEST DATE: 6-6-83

OPERATION: ICAO TAKEOFF

CENTERLINE SIDELINE

tilc 15 MIC MI tIC #4 ILC 12 NIc #3 REG.
EST. EST. EST. EST. ELEY EST ELEV AN8 446 446 C/D

ESWi NO ALT. F-ALT. ALT. P-ALT. ALT. P-ALT. CA ANG CPA 41G 5-1 1-4 5-4 ANLE

E26 228.4 213.6 301.1 286.3 373.8 Wt 576.8 31.5 580.4 N 8.40 NA tN 8.4
E27 255.6 235.5 352.3 346.6 429.3 408.1 605.1 35.6 598 36.2 12.70 7.10 9.95 9
£28 267.1 NA 348.5 335.3 413.4 400.2 602.9 35.3 606.4 !* NA 7.50 N4 7.5
£29 256.6 238.2 341.1 33F.1 408,4 388.8 598.7 34.7 592.6 35.2 11.50 5.90 8.70 7.8
E30 244 224 326.9 328.4 393 371.3 590.7 33.6 584.9 34.1 12.00 5.00 8.51 7.7
E31 248.4 226.5 343.8 342.9 419.9 396.3 600.2 34.9 593.3 35.5 13.30 6.20 9.79 8.9
£32 233.8 215.8 322.7 316.5 393,7 374.7 588.4 33.3 582.2 33.8 11.60 6.70 9.17 8.3
E33 226.7 211.4 308.6 300 374.2 358.4 580.9 32.! 575.1 32.6 10,20 6.8ij 8.50 7.6

:.IMELJCOPTERi DAUPHIN TABLE F,6

TEST DATE: 6-6-83

OPEMTIG4: 6 DEFiREE ICAO APPROAH

CENTERLINE SIDELINE

"NIc 115 Fit II NIC 14 NIC #2 NIC 03 REG.
WST. EST. EST. EST. ELEV EST, ELEV ANG 0146 40 L/D

.0, NO ALT. P-ALT. ALT. P-ALT. ALT. P-ALT. CPA 446 CPA 46 5-1 1-4 5-4 A41LE

F36 322.6 312.3 386.3 NA 424.1 413.8 625.5 38.1 620.5 NA M4 NA 5.89 5.9
-06 296 208 350a3 342.9 405.4 397.0 607.8 36 603.3 36.3 6.40 6.40 6.37 5.6
$47 298.9 292.3 344.4 334.9 380.7 374.5 600.5 35 597.2 35.3 4.90 4.60 4.78 4.2
5f4S 296.3 284.3 356.6 3S2 405.1 292.5 607.8 31 603.3 36.3 7.8C 4.70 6.28 5.6
iF49 304.6 292.3 362.9 360 409.4 396.3 611.4 36.4 607 36.7 7.80 4.20 6.03 5.4
FSO 293.9 280.4 369.6 360 430.1 416.3 615.4 36.9 609.6 37.3 9.20 6.50 7.86 7
FSJ 298 290.3 339.5 334.9 372.7 364.8 597.8 34.6 5Vl4.8 34.9 5.20 3.50 4.33 3.9

c~ y .y S~. ' -'z%~ ~'...-;.. t;y~y~U.x.>X.t-B K2



HELICOPTER: DAUPHIN (ABLE F.3

TEST DAITE: 6-6-83

OPEIRTIE: 500 FT FLYOJER(O.7*VH)/ITAR6ET AS=1O5 KIS

CINTERLINE SIDELINE

"HIC 05 IIC #1 NIC 64 IIC #2 MIC 13 REG.
EST. EST. EST. EST. ELEY EST, ELEY - NG AN6 AG C/D

EENT NO ALT. P-AIr. ALT. P-wLT. ALT. P-ALT. CPA A16 CPA ANG 5-1 1-4 5-4 ANLE

£15 509.1 510.1 303.3 MA 499.7 500.7 703.8 45.6 704.3 NA NA NA -0.55 -. 4
C16 481.8 481.6 476 479.6 471.4 470.9 684.6 44.1 685.1 44 -0.10 -0.90 -0.62 -. 4
C17 495.3 496.3 439.2 NA 435.5 486.5 693.8 44.3 694.3 NA NA NA -0.57 -. 5
CIO 493.2 491.3 498.6 500.1 502.9 500.7 700.5 45.4 700 45.4 1.00 0.10 0.55 .5
C19 466.6 467.8 459.3 NA 455 456.2 673.1 43 673.7 NA NA NA -0.69 -. 6
C20 476.1 477 475 473.6 474.1 475.2 683.9 44 684 44 -0.30 0.20 -0.10 0

HELICOPTER: IJMiPHIN TABLE F.4

TEST DATE: 6-6-83

OPERFTIGN: 1000 FT FLYIPJER(O.9V1H)/TARGET IAS=135 KTS

CENTERLINE SIDELINE

NIC 15 HIC 61 MIC 14 HIC 62 NIC 63 REG.
EST. EST. EST. EST. ELEJ EST. ELI AM AI AN6 G C/D

MEf NO ALT. P-ALT. ALT. P-ALT. ALT. P-ALT. CPA ANG CPA ArG 5-1 1-4 5-4 AIGLE
mi OAS -3 JAC C ii .•,. "ce65l m 01 -. 6
phi .. ... I1.J. , ', ,,,.in , ,, 3 3 .2•57 . Gof..= 1 U1051. 8 m m W. -. 72
D72 1032.1 1020 1041.7 1064 1049.3 1034.5 1152 64.7 1150.9 64.7 5.10 -3.30 0.84 .9
1023 ?9".2 999.9 994.6 NA 991.9 992.6 1109.6 63.7 1110.1 NA NA NA -0.43 -. 3
1024 977.2 970.4 974 973 971.5 972.9 1091.2 63.2 1091.6 63.2 -0.50 0.00 -0.32 -. 2



HELICOPTER: DAUPHIN TABLE F.l

TEST DATE: 6-6-83

ci'EITIMzi 500 FT FLYOVER(0.9*JH)/TARGET IAS=135 KTS

CBITERLINE SIDELINE

NIC 35 NIC 31 MHC 34 NIC 32 M 1 33 REG.
EST. EST. EST. EST. ELEV EST. ELEV (44G A46 *rG C/D

SW94T NO ALT. P-AI. ALT. P-AL. ALT. PAT, CPA *46 CPA AN6 5-1 1-4 5-4 ANGLE

Al M 462.4 MA NA NA NA NI NA NA NA NA NA NA NA
A2 NA 442.5 NA HA N A NA NA A NA NA NA N1 NA IV
AS NA 416.2 NA NA NA NA NA NI t o i NIA ml NA NA
A4 399.7 393.8 423 418.1 447.3 NA 648.9 40.7 650.3 NA 2.80 MA NA 2.8
45 466.2 486.4 484.8 NA 484 484.2 690.7 44.6 690.8 Mi NA NA -0.13 0
A6 503.8 503.1 506.6 506.6 508.9 508.2 706.2 45.8 705.9 45.9 0.40 0.20 0.30 .3
A7 478.6 478.5 479.4 NA 479.0 479.7 686.9 41.3 686.9 NA NA NA 0.07 .1
AB 491.2 491.3 49A.3 493.5 500.4 500.7 698.9 45.3 698.4 45.3 0.30 0.80 0.55 .5
A9 486.2 484.4 484.8 NA 484 484.2 690.7 44.6 690.8 W. NA NA -0.13 0
AI0 507.3 504.8 505.4 512.1 503.9 500.7 705.4 45.8 705.5 45.8 0.90 -1.20 -0,24 -.1

HELICOPTER DAUPHIN TABLE F.2

TEST DTE: 6-6-83

OF.MTIGtz 500 FT FLYOVEREO,6W)/rMGET IAS$120 KTS

CBETERLIIE SIDELINE

"lUC 15 fiC II IGC 14 IGC 12 MUC 13 REG.
EST. EST. EST. EST, EIL EST. ELB) AN ANG *46 C/D

..... N ._ .. "T ,,.' . T. iT. r*lF-A. CPA *6 CPA AN0 5-1 1-4 5-4 ANGLE

911 475.9 474.2 486.6 NA 492.9 491.2 692 44.7 691 HA NA NA 0.99 1
212 460 462 459.9 455.4 459.9 462.4 673.5 43.1 673.5 43.1 -0.70 0.80 0.02 0
613 492.1 493 486.6 NA 483.3 484.2 692 44.7 692.5 NA NA NA -0.51 -. 4
314 443.1 439.8 445.1 451.6 446.6 442.1 663.4 42.1 663.3 42.1 1.40 -1.00 0.16 .2

-- 'i--i. --



APPENDIX F

Photo-Altitude and Flight Path Trajectory Data

This appendix contains the results of the photo-altitude and flight path
trajectory analysis.

The helicopter altitude over a given microphone was determined by a
photographic technique which involves photographing an aircraft during a
flyover event and proportionally scaling the resulting image with the
known dimensions of the aircraft. The data acquisition is described in
detail in Section 5.2. The detailed data reduction procedures is set out
in Section 6.2.1; the analysis of these data is discussed in Section 8.2

Each table within this appendix provides the following information:

Event No. the teat run number

Est. Alt. estimated altitude above microphone site

P-Alt. altitude above photo site, determined by
photographic technique

Est. CPA estimated closest point of approach to microphone
site

Est. ANG Helicopter elevation with respect to the ground as
viewed from a sideline site as the helicopter
passes through a plane perpendicular to the flight

track and coincident with the observer location.

ANG 5-1 flight path slope, expressed in degrees, between
P-Alt site 5 and P-Alt site 1.

ANG I-4 flight path slope, expressed in degrees, between
P-Alt Site 1 and P-Alt Site 4.

ANG 5-4 flight path slope, expressed in degrees, between
P-Alt Site 5 and P-Alt Site 4.

kAeg C/D Angle flight path slope, expressed in degress, of
regression line through P-AMt data points.
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Cockpit ObGerver Data: Tables E.2.1-E.2.3

In addition to the cockpit photographer, an FAA flight test observer from
the FAA Southwest regional office (lead region for rotorcraft
certification) recorded data during each event of the Dauphin test. That
date is included here as further documentation of the helicopter
instrument readings during the tests.

Each table provides the following information:

Event No. This event number along with the test date
provides a cross reference to other data.

Event Type This opecifies the event.

Time of Obserations The time of the range control synchronized clock
consistent with acoustical and tracking time
bases.

Heading The compass magnetic heading which fluctuates
around the target heading.

1AS Indicated airspeed, a fairly stable indicator.

Altimeter Specifies the barometric altimeter reading, one
of the more stable indicators.

Temperature The outside air temperature, in degrees
'nPn i aYrad_ -

Rotor Speed Main rotor speed in RPM or percent, a very
stable indicator.

Torque The torque on the main rotor shaft, a fairly
stable value.

Fuel The amount of fuel in each engine, e,.pressed in
kilograms.



APPENPIX E

Cockpit Instrument Photo Data and Observer Data

Cockpit Instrument Photo Data: Tables E.1.1-E.1

During each event of the June 1983 Felicopter Nokse Measurement program
cockpit photos were taken. The slides were projected onto a screen
(considerably enlarged) making it possible to read the instruments with
reasonable accuracy. The photos were supposed to be taken when the
aircraft was directly over the centerline-center microphone site.
Although this was not achieved in each case the cockpit photos reflect the
helicopter "stabilized" configuration during the test event. One
important caution is necessary in interpreting the photographic
information; the snapshot freezes instrument readings at one moment of
tiwe whereas most readings are constantly changing by a small amount as
the pilot "hunts" for the reference condition. Thus fluctuations above or
below reference conditions are to be anticipated. The instrument readings
are most useful in terms of verifying the region of operation for
different parameters. The data acquisition is discussed in Section 5.3

Each table within this appendix provides the following information:

Event No. This event number along with the test date provides
a cross reference to other data.

Event Type This specifies the event.

Time of Photo The time of the range control synchronized clock
c.n....ent ... th a.c.us.cal afnd Lracking rime
bases.

Heading The compass magnetic heading which fluctuates
around the target heading.

Altimeter Specifies the barometric altimeter reading, one of
the more stable indicators.

IAS Indicated airspeed, a fairly stable indicator.

Rotor Speed Main Rotor speed in RPM or percent, a very stable
indicator.

Torque The torque on the main rotor shaft, a fairly stable
value.

ILi
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TABLE D.1

STATIC OPERATIONS

DIRECT READ DATA
(ALL VALUES A-WEIGHTED LEG, EXPRESSED IN DECICLES)

DUPHIN

46-83

SITE 2 (SOFT SITE)

HIGE HUGE FLT. IDLE

1-0 74.90 K-0 77.70 J-0 69.90

1-315 74.60 K-315 80.10 j-315 78.10

1-270 NA k-270 80.60 J-270 76.00

1-225 N K-225 82.80 J-225 73.40

1-180 82.00 K-i80 82.70 J-180 65.00

1-135 75.10 K-135 79.10 J-135 69.00

1-90 76.80 k-90 80.00 J-90 70.40

1-45 76.20 K-45 80.80 J-45 NA

SITE 4 (SOFT SITE)

HIGE HOGE FLT. IDLE

1-0 68.10 K-a 70.30 J-0 63.00

•1-315 68.10 K-315 71.80 J-315 71.20

1-270 70.10 K-270 73.90 J-270 69.30

1-225 72.90 K-225 75.30 J-225 66.00

1-180 79.40 K-I80 75.20 J-180 58.20

1-135 66.30 K-135 73.20 J-135 57.70

"1 -90 71.90 K-90 71.30 J-90 62.90

1-45 71,20 K-45, 74-20 c-45 61.40

SITE 5H (HARD SITE)

HIGE HRGE FLT.ADLE

1-0 76.30 K-.q 82.50 J-0 76.40

1-315 77.80 K-315 88.10 J-3:5 77.80

1-270 88.90 K-270 85.80 J-270 78.30

1-225 85.20 K-225 87.70 J-225 76,2r

1-180 8!.90 K-180 86.60 J-189 77.10

1-135 A2.50 K-135 85.20 J-135 74.90

1-90 77,40 K-90 76.30 J-90 80.50

1-45 80.50 K-45 82.80 J-45 75.60



APPENDIX D

Dir,:ct Read Acoustical Data for Static Operations

This appendix contains timp averaged, A-weighted sound level data (Leq
values) obtained using direct read Precision Integrating Sound Level
metera. Data are presented for microphone locations 5H, 2, and 4 (see
Figure 3.3).

A description of the measurement systems is provided in Section 5.6.2, and
a figure of the typical PISLM system Is shown in Figure 5.4. Data are
shown in Table D-1, depicting the equivalent sound levels for eight
different source emission angles. In each case th- angle is indexed to
the specific measurement site. A figure showing the emission angle
convention is included in the text (Figure 6.1). In each case, the Leq
(or time vveraged AL) represents an average over a sample period of
approximately 60 seconds.

Quantities appearing in thi!, &ppendix include:

"RIHE Hover-in-ground-effect, skid height 5 feet above
"* * •ground level

HCGE Hover-out-of-ground-offect, skid height 36 feet
S• above ground level

-Flight Idle * Skids on ground

Ground Idle Skids on ground

J r •- -

•....



TAEL.E NO. C. 1-5H.4

AEROSPATIALE SA-365N HELICOPTER (DAUPHIN) DO [TSC4/21/04
1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASURED****

SITE: 5H (HARD) - 150 M. NORTH JUNE 6,1983

HOVER-OUT--OF-GROUND--EFFECT
AVERAGE LEVEL

LEVELS @ ACOUST!C EMMISION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND
NO. 0 45 90 135 180 225 270 315 ENERGY AVE ARITH Std

SOUND PRESSURE LEVEL dO re 20 nsicroPascal

14 84.5 81.2 84.8 86.1 E%.4 83.2 83.3 85.0 84.2 39.5 83.9 1.5
15 68.5 62.0 67.6 67.8 64.8 59.7 60.2 65.5 65.6 26.2 64.5 3.5
16 69.9 66.7 68.8 68.3 68.. 68.7 66.2 68.2 68.2 33.6 68.1 1.2
17 79.4 77.5 77.8 77.3 77.3 78.1 75.6 77.0 77.6 47.4 77.5 1.1
18 70.7 70.1 68.3 72.6 73.5 73.3 70.7 71.6 71.6 45.4 71.3 1-8
19 71.1 71.5 69.2 74.9 75.1 75.1 72.5 71.8 73.1 50.6 72.6 2.-.2

"'20 70.0 69-9 62.2 68.6 68.7 68.9 67.7 73.1 69.4 50.3 68.6 361
21 71.3 72.7 61.0 71.3 71.5 72.2 70.7 75.4 71.9 55.8 70.9 3.9
22 73.3 74.6 64.8 74.2 74.6 75.9 74.3 75.3 74,2 60.8 73.4 3.5
23 76.2 76.9 67.3 75.3 76.9 77.6 77.4 76.8 76.3 65.4 75.5 3.4
24 76.9 77.7 68.1 75.9 79.1 79.1 79.1 78.3 77.6 69.0 76.8 3.7
25 74.7 76.8 64.5 73.8 77.6 76.9 77.9 76.1 75.9 69.3 74.8 4.4
26 72.8 75.9 61.5 71.2 76.1 75.2 75.4 72.8 74.0 69.2 72.6 4.8
27 68.6 72.8 58.5 67.4 73.9 71.8 72.8 68.4 70.9 67.7 69.3 5.0
2_8 68.8 68.9 59.0 67.9 70.5 67.8 68.6 68.2 68.2 66.3 67.5 3.5
29 72.3 70.0 63.9 71.7 67.6 69.4 66.9 72.1 70.0 69.2 69.2 2.9
;0 75.0 73.0 66.1 81.5 77.6 79.2 75.7 78.5 77.5 77.5 75.8 4.7
.1 71_7 "7m A.5 71 71 75Y.' 72z7 _ '7t "7"0 .71.8_A7

.2 68.6 71.3 63.5 69.0 71.7 72.3 72.3 66.6 70.4 71.4 69.7 3.0
-fl 70.1 71.0 63.6 74.8 79.3 80.5 77.2 76.2 76.4 77.6 74.1 5.6
34 66.1 66.1 60.3 66.9 70.6 73.2 70.4 69.8 69.2 70.5 67.9 4.0
25 66.6 66.2 58.7 68.8 74.9 77.2 73.3 75.3 72.9 74.1 70.1 6.2
36 63.8 63.8 56.5 65,6 70.9 72.4 70.0 70.0 60.6 69.6 66.6 5.3
37 60.7 60.2 54.0 62.1 68.2 68.8 66r4 64.8 65.1 65.6 63.1 4.9
38 58.4 57.8 5?.1 59.4 64.3 66.1 63.0 61.6 61.9 61.8 60.3 4.4
.39 58.6 56.5 49.7 56.3 59.8 62.1 59.1 58.5 58.6 57.5 57.6 3.7
40 64.1 63.6 51.9 53.2 54.9 57.1 56.5 65.5 61.0 58.5 58.3 5.3

8AL 61.4 81.8 73.7 84.3 85.5 86.8 84.4 84.6 83.9 8_ 9 82.8 4.1
.' OASPL 88.5 87.7 86.3 89.6 89.5 90.0 88.9 89.6 88.9 - 83.8 1.2

,PNL 94.0 94.6 86.5 95.9 99.3 100.3 98.0 98.4 97.4 95.9 4.4" PHL 95.0 96.0 87.2 99.1 102.0 102.9 99.9 100,8 99.6 - 97.9 5.1

BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO 10KHz
"" * - UNWEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
41* - A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- UNWEIGHTED ARITHMETIC AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- 32 SECOND AVERGING TIME



TABLE NO. C. 1-5H. '

AEROSPAT I AL.E SA---365N HEL IICOPTER (DAUPHIN) DOT/TSC
4/21/84

1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASL)FRED****

SITE: 5H (HARD) - 150 M. NORTH JUNE 6,1983

FLIGHT IDLE
AVERAGE. LEVEL

LEVELS @ ACOUJSTIC EMMISION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND
NO. 0 45 90 135 180 225 270 315 ENERGY AVE ARITH Std

S-** * Dv
SOUND PRESSURE LEVEL dl- re 20 m'icroPaisc.'l

14 - 76.5 76.2 78.3 77.4 76.9 77.2 77.1 32.4 77,1 0.7
15 - 63.6 60.0 62.7 63.3 59.3 59.6 -" 61.8 22.4 61.4 2.0
16 65.2 65.2 64.6 65.3 63.6 66.1 -- 65.1 30.5 65.0 0.8
17 - 71.4 74.1 71.9 71.8 70.8 72.6 - 72.2 42.0 72.1. 1 1
18 - 66.7 67.4 63.3 65.2 65.7 67.6 66.2 40.0 66.0 1 .6
19 - 62.2 63.6 61.6 59.4 60.7 61.9 61.8 39.3 61.6 1.4
20 - 64.5 68.0 64.8 59.7 63.8 64.4 64.8 45.7 64.2 ".7
21 6- 6.1 69.0 65.6 62.0 67.3 65.9 66.4 50.3 66.0 3
22 - 66.8 70.1 67.0 65.2 67.0 67.7 67.6 54.2 67.3 1 .6
23 - 69.0 72.8 68.0 67.8 68.1 71.3 69.9 59.0 69.5 2.1
24 - 69.4 72.7 68.1 70.0 68.1 71.7 70.3 61.7 70.0 1.9
25 68.4 71.5 67.5 68.3 66.5 70.8 69.2 62.6 68.8 1 .9
26 68.1 70.4 66.8 66.8 64.5 68.4 - 67.9 63.1. 67.5 2.0
27 - 66.7 71.0 65.6 66.6 63.2 68.3 - 67.6 64.4 66.- ' .6
28 - 65.2 72.7 62.8 65.1 61.2 70.1 68.1 66.2 66.2 4.4

,.29 - 64.9 71.0 62.5 63.9 61.1 69.1 66.9 66.1 65.4 '3_9
130 - 64.9 68.7 "6.9 68.7 68.2 7u.0 68.2 68.2 67.9 1 .8
'31 "- 62.3 68.1 61.1 64.3 61.0 67.8 65.1 65.7 6•..1 3.2

63.4 68.9 60.4 64.3 61.7 67.1 65.3 66.3 64.3 3.2
733 - 62.7 67.8 63.9 65.7 67.1 66.8 66.0 67.2 65.7 9.0
34 - 59.0 65.4 57.8 61.2 58.4 63.6 61.8 63.1 60.9 3.1
35 - 58.9 64.7 60.8 63.8 62.7 63.1 - 62.7 63.9 62.3 2.1
36 - 56,2 62.6 58.2 61.0 57.6 60.3 - 59.9 60.9 59.3 2.4
37 - 53.8 60.6 54.2 57.1 53.3 58.1 57.0 57.5 56.2 2,9
s- 54.0 59.1 51.,6 54.4 50.4 56.6 55.3 55.2 54.3 3.2

39 - 60.4 59.8 51.5 54.0 51.4 55.9 - 56.9 55.8 55.5 3.9
:40 - 62.1 56.7 45.1 47.2 46.0 52.6 - 56.0 53.5 51.6 6.8

'AL - 74.5 79.4 73.8 75.8 74.5 78.0 - 76.5 76.5 76.0 2.2
,:A¶SPL .61.4 84.0 81.7 81.6 81.0 83.0 - 82.2 - 82.1 1.1•PNL - 87.3 91.9 86.7 88.7 87.9 90.3 89.3 88.8 "0

0HLT - 07.7 92.3 88.4 90.3 90.3 90=6 89.9 o.. .9 1.7

BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 'TO 1OKHz

-- UNWEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

MMII -- UNWEIGHTED ARITHMETIC AVERAGE OF MEASURED LEVELS OVER 360 DEGREE-S

32 SECOND AVERGING TIME



TABLE NO. C.1--5H.1

AEROSPATIALE SA--365N HELICOPTER (DAUPHIN) DOT/TSC,
4/21/84

1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASLIRED*w**

SITE: 5H (HARD) - 150 M. NORTH JUNE 6,1983

HOVER-IN--GROUND-EFFECT
AVERAGE LEVEL

LEVELS 2 ACOUSTIC EMMIGION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND
NO. 0 45 90 135 I1O 225 270 315 E44ERGY AVE ARITH Std

* ** *** Dv
SOUND PRESSURE LEVEL dB re 20 rnicroPasca&

14 80.0 76.1 80.6 82.4 80.1 79.9 81.0 81.4 80.5 35.8 80.2 1.9
15 65.8 62.7 61.6 66.4 64.8 68.4 67.4 65.0 65.8 26.4 65.3 2.3
16 66.0 65.8 65.2 66.7 66.3 67.9 68.2 66.0 66.6 32.0 66.5 1.0
17 74.0 75.4 75.7 74.6 74.5 74.1 76.1 74.5 74.9 44.7 74.9 0.8
16 66.0 68.6 67.2 70.3 68.9 69.0 69.5 65.6 68.4 42.2 68.1 1.7
19 65.5 69.1 68.3 71.8 69.8 69.6 69.6 65.8 69.1 46.6 68.7 2.1
20 64.2 66.6 63.5 65.5 65.3 66.0 67.6 63.4 65.5 46.4 65.3 1.5
21 65.7 67.8 63.7 67.6 67.9 67.7 6R.1 65.0 66.9 50.8 66.7 1.7

.22 67.2 70.1 64.6 69.5 69.4 69.2 68.9 66.6 68.5 55.1 68.2 1.9
23 68.7 72.5 66.4 70.8 71.5 69.8 70.1 68.3 70.1 59.2 69.8 1.9
24 .69.4 73.9 68.3 71;1 72.5 70.1 71.3 68.7 71.0 62.4 70.7 1.9
25 69.4 73.1 68.3 70.2 71.6 69.1 71.3 68.1 70.'6 63.9 70.1 1.7
,6 69.2 72.2 69.7 69.3 71.2 69.5 71.1 68.0 70.2 65.4 70.0 1.4
27 66.1 71.9 69.2 68.2 70.3 68.6 70.8 67.6 4j9.6 66.4 69.3 t15
_v8 65.4 70.8 66.9 66.8 67.6 66.6 69.1 65.2 67.7 65.8 67.3 1.9
$9 63.8 69.3 66.0 66.8 66.4 66.3 67.3 63.6 66.5 65.7 66.2 1.8
•30 A5.9 70.1 65.1 75.7 75.2 72.7 73.4 67.0 72.2 72.2 70.6 4.2
3 63.1 66.9 63.4 66.9 67.2 66.0 67.8 64.2 66.0 66.6 65.7 1.8
32 62.0 66.0 63.0 65.4 64.8 63.8 66.0 61.3 64.3 65.3 64.0 1.8

.3 .61.4 66.4 61.1 69.3 70.8 69.0 69.0 64.5 67.6 68.8 66.4 3.7
57.0 62.2 56.7 62.9 62.4 60.9 62.3 58.5 60.9 62.2 60.4 2.6

ý35 57.7 63.5 55.2 65.4 67.0 64.8 63.6 61.0 63.6 64.8 62." 4.0
56 .55.0 61.2 52.5 62.5 62.5 59.3 59.6 56.0 59.7 60.7 58.6 3.7
:37 52.2 58.4 50.4 59.9 58.5 55.6 55.9 52.8 56.5 57.0 55.5 3.4

ý50.4 56.4 49.2 57.5 55.0 53.7 53.5 50.8 54.2 54.1 53.3 3.0
-.0:I.4 55.7 47.5 53.9 51.2 49.9 50.1 48.9 51.13 50.7 51.1 2.70 57.5 63.6 49.7 50. 4 47.2 - 50.2 56.4 57.2 54.7 5.3. 6 5.8

AL 74.3 76.7 74.5 79.5 79.8 77.9 78.9 74.7 77.8 77.8 77.3 2.4DAB3PL 63.2 64.2 83.6 85.8 65.0 64.2 85.3 83.9 84.5 - 84.4 0.9
PNL ' '86.4 91.1 66.1 91.6 92.2 90.5 91.2 87.5 90.3 -- 89.6 2.5
PNLT 87.3 92.6 86.6 94.6 95.0 92.7 93.1 89.1 92.3 -- 91.4 3.3

BANDS 14 TO 40 - STANDARD 1/3 OCTAUE BANDS 25 TO 1OKHz

- UNWEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
* #* - A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

S 4** - UNWEIGHTED ARITHMETIC AVERAGE OF MEASURED LEVELS, OVER 360 DE)EREES

- 32 SECOND AVERGING TIME

-K.,r

Lv, -



TABLE NO. C.1-4H.4

AEROSPATIALE SA-365N HELICOPTER (DAUPHIN) DOT/TSC
4/21/84

1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASURED****

SITE: 4H (SOFT) - 300 M. WEST JUNE 6,1983

HOVER-OUT-OF-GROUND-EFFECT
AVERAGE LEVEL

LEVELS @ ACOUST.C EMXISION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND
NO. 0 45 90 135 180 225 270 315 ENERGY A4E ARITH Std

** *** Dv
SOUND PRESSURE LEVEL dB re 20 microPascal

14 73.9 71.5 75.1 74.5 73.3 73.3 75.2 77.0 74.5 29.G 74.2 1.6
15 55.1 53.4 52.6 54.8 57.5 58.1 57.3 55.2 5S.9 16.5 55.5 2 0
16 56.8 56.6 59.9 56.1 59.3 60.2 59.0 58.5 58.5 23.9 58.3 1.6
17 66.5 66.5 70.2 63.9 67.5 68.9 68.4 69.4 68.0 37.8 67.7 2.0
18 58.0 60.3 64.7 64.4 64.5 63.5 62.9 61.4 63.0 36.8 62.5 2.4
19 59.6 62.0 66.2 67.0 66.3 65.1 65.0 63.2 64.8 42.3 64.3 2.5
20 55.0 57.5 64.0 57.9 56.5 62.1 62.1 59.2 60.3 41.2 59.3 3.1
21 53.4 57.2 61.6 59.5 57.4 60.6 61.6 59.6 59.5 43.4 58.9 2.8
22 54.8 57.9 60.5 61.6 58.5 61.4 60.5 58.9 59.7 46.3 59.3 2.3
23 55.1 59.6 60.4 60.6 58.3 62.4 60.4 59.3 59.9 49.0 59.5 2.2
24 54.1 59.8 59.1 59.5 60.2 63.0 60.7 60.2 60-1 51.5 59.6 2.5
25 51.6 56.9 55.9 56.3 58.1 57.8 58.5 56.8 56.9 50.3 56.5 2.2
26 50.2 53.6 54.0 54.8 54.6 59.1 58.5 54.9 55.7 50.9 55.0 2.87 53.6 57.9 56.1 58.0 56.3 63.6 62.0 58.9 59.4 56.2 58.3 3.2.3 Z6.0 61.5 60.5 60.9 59.2 64.6 63.1 60.6 61.4 59.5 60.8 2.6
29 Z8.0 64.5 62.9 64.2 62.2 65.3 63.9 A?-O 63A3 62.5 62.9 2.3

0 ,6. 4 6.9 6Z,.6 66.8 71.9 68.7 68.2 65.5 68.2 68.2 67.6 2.3
31 57.9 64.3 63.9 64.2 64.5 62.2 61.7 63.3 62.9 63.5 62.4 2.4
32 53.9 60.3 62.6 62.5 62.7 61.1 58.9 60.2 60.9 61.9 60.3 2.9
33 57.7 62.8 60.9 63.5 68.1 65.6 62.3 60.8 63.7 64.9 62.7 3.2
34 54.0 60.0 57.3 59.0 59.3 59.3 56.6 57.2 58.2 59.5 57.8 2.0
35 52.3 58.7 56.7 59.3 63.8 61.4 58.4 56.5 59.5 60.7 58.4 3.4
36 48.4 54.6 52.9 55.1 58.2 55.5 53.4 52.5 54.6 55.6 53.8 2.8
37 44.3 49.7 49.4 50.3 53.3 50.7 47.5 47.8 49.8 50.3 49.1 2.7
3• 39.8 44.2 44.6 44.8 47.6 45.3 42.1 42.6 44.4 44.3 43.9 2.4
39 35.6 Z1.Et 38.9 38.5 40.8 38.9 - 37.5 38.7 37.6 38.4 1.6
40 35.0 381 - - - - 37.9 37.2 34.7 37.0 1.7

At. 68.5 73.3 71.8 72.9 75.6 74.1 72.6 70.9 72.9 72.9 72.5 2.2'O.tSPL 76.0 "76.7 78.6 78.0 78.7 78.5 78.6 79.0 78.1 - 78,0 1.1
PNL 78.7 83.9 83.0 04.4 87.0 86.0 83.7 82.4 84.4 - 83.6 2.5
PNLT 81.2 85.4 03e5 05z4 89.8 87.9 85.5 03.8 86.1 - tF5.4 2.6

BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO IOKHz

* - UNWEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
** - A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
cf,* - UNWEIGHTED ARITHMETIC AVERAGE OF MEASURED LEVELS OVER 360 DEOREES

- 32 SECOND AVERGING TIME

,It #;I,.

4 9 -.., -9



TABLE NO. C. I-4H. 2

AERO¶SPATIAI-E SA-365N HELICOPTER (DAUPHIN) DOT/TSC
4/21/'34

1/3 tOCTAVE NOISE DATA --- STATIC, TESTS

AS MEASURED****

SITE: 4H (SOFT) - 300 M. WEST JUNE 6,1983

FLIGHT IDLE
AVERAUE 

LEVEL
LEVELS @ ACOUSTIC EMMISION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND
NO. 0 45 90 135 180 225 270 315 ENERGY AVE ARITH Std

* ** *** Dv
SOUND PRESSURE LEVEL d8 re 20 microPascal

14 71.2 71.6 70.2 71.2 69.7 "- 70.9 71.1 70.9 26.2 70.8 0.7
15 49.3 51.2 52.0 55.9 55.2 - 47.8 51.0 52.6 13.2 51.3 2.9
16 56.3 57.8 58.6 58.9 58.3 "" 59.5 52.2 57.8 23.2 57.4 2.5
17 66.4 66.2 66.8 66.1 64.5 -- 66.4 59.7 65.6 35.4 65.2 2.5
18 58.1 60.3 64.0 59.5 59.0 - 61.0 61.7 60.9 34.7 60.5 2.0
19 55.4 56.9 59.5 55.7 54.1 56.5 61.3 57.7 35.2 57.1 2.5
20 57.6 59.2 62.1 58.0 55.0 "" 59.6 68.7 62.4 43.3 60.0 4.4
21 58.6 59.8 60.9 61.8 55.7 - 60.8 69.6 63.3 47.2 61.0 4.3
22 58.1 59.4 59.4 55.5 56.9 - 60.2 65.6 60.5 47.1 59.3 3.2
23 56.3 57.4 58.9 55.4 56.9 - 58.5 61.8 58.4 47.5 57.9 2.1
24 47.4 51.4 52.3 52.2 53.2 - 51.5 52.7 51.8 43.2 51.5 1.9
25 40.1 43.7 43.2 47.6 46.2 - 45.6 50.1 46.2 39.6 45.2 3.2
26 40.3 42.0 39.9 43.6 39.3 -- 45.2 50.0 44.6 39.8 42.9 3.8
27 °42.1 41.6 43.2 44.2 38.6 - 45.9 53.1 46.7 43.5 44.1 4.6
28 44.1 43.1 48.1 41.8 38.9 - 49.7 55.1 49.0 47.1 45.8 5.5
29 49.2 48.0 49.7 39.9 41.0 .- 54.- Al.n 94.n• 5:n17 49=2 7=-n

.30 52.2 51.4 52.3 47.9 49.4 -" 63.6 66.0 59.9 59.? 54.7 7.1
31 .52.6 51.8 51.8 40.9 43.6 - 56.7 60.7 54.9 55.5 51.2 6.9

2 54.0 53.8 53.4 42.1 46.6 - 56.6 61.3 55.7 56.7 52.5 6.4
33 52.9 53.1 53.4 48.6 49.2 - 59.3 60.2 55.8 57.0 53.8 4.5
34 48.9 49.5 50.0 40.8 44.2 54.0 55.1 51.0 52.3 48.9 5.1
35 47.9 49.0 50.5 45.8 47.7 - 55.4 54.6 51.5 52.7 50.1 3.6
36 43.8 44.9 48.1 42.7 44.2 - 50.0 50.7 47.4 48.4 46.3 3.2
37 40.8 44.2 37.6 - - 45.4 44.6 43.3 43.8 42.5 3.3
38 37.2 39.1 . . . . 39.2 38.6 38.5 38.5 1.1
39 39.4 37.2 .. .37.6 38.2 37.1 38.1 1.2
40 38.4 -. . .. . . 38.1 38.3 35.8 38.2 0.2

AL 61.5 61.5 62.2 56.6 57.6 - 67.8 70.7 65.2 65.2 62.6 5.1
SOASPL 73.5 74.1 74.1 73.6 72.2 -. 74.6 76.9 74.4 - 74.1 1.4

- -PNL 74.1 74.7 75.6 /0.8 71.6 - 79.4 81.8 77.4 - 75.4 4.0T -P. Z .u "^ 7P"7 -9 '
DulY 7A W. -J W. ^L A A. a , • .. 7 .O 7.2. 7 *C2.1 8.0Z4 79.1 - 76.9 4.1

BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO IOKHz

UNWEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
• - A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

-- UNWEIGHTED ARITHMETIC AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- 32 SECOND AVERGING TIME



TAECL-E NO. C. 1--4H. 1

AEROSPATIALE SA-365N HELICOPTER (DAUPIAIN) DOT/TSC.
4/21/84

1/3 OCTAVE NOISE DATA ---- STATIC rESTS

AS MEASURED)****

SIIE: 4H (SOFT) - 300 M. WEST JUNE 6,1983

HOVER-IN--GROUND- EFFECT
AVERAGE LEVEL

LEVELS • ACOUSTIC EMMISION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND
NO. 0 45 90 135 180 225 270 315 ENERGY AVE ARITH Std

* ** *** DvSOUND PRESSURE LEVEL d" re 20 microPahcal

14 73.7 66.7 73.2 73.2 74.2 72.0 74.3 75.2 73.4 28.7 72.9 2.6
15 53.5 50.3 52.4 53.9 52.7 56.6 54.6 52.3 53.6 14.2 53.3 1.9
16 57,1 57.2 58.4 56.6 59.6 60.2 58.8 55.8 58.2 23.6 58.0 1.5
17 68.4 68.5 68.9 65.6 69.9 70.2 68.9 66.8 68.6 38.4 68.4 1.5
18 61.4 62.6 64.5 64.3 65.2 65,5 64.0 60.7 63.8 37.6 63.5 1.8
19 63.0 64.1 67.3 67.6 67.5 67.6 65.3 62.7 66.1 43.6 65.6 2.1
20 60.7 61.5 61.4 60.3 62.9 64.0 63.4 61.9 62.2 43.1 62.0 1.3
21 61.5 62.9 63.5 62.2 64.8 65.1 64.4 63.5 63.6 47.5 63.5 1.3
22 61.4 64.0 64.4 63.9 65.7 66.2 64.3 63.2 64.3 50.9 64.1 1.5

.23 58.4 62.9 63.1 62.7 64,.2 63.4 61.5 61.0 62.4 51.5 62.1 1.8
24 51 ; 55.4 56.8 59.3 59.6 55.7 52.2 52.6 56.3 47.7 55.4 3.2
25 49.0 47.7 49.1 51.8 54.1 45.7 46.3 45.6 49.7 43.1 48.7 3.0
26 49.8 48.7 49.8 48.9 53.0 45.1 46.9 45.8 49.2 44.4 48.5 2.5
27 52.9 54.4 53.6 51,8 54.1 48.7 51.8 50.3 52.6 49.4 52.2 2.0
28 56.7 58.2 58.0 54,n 55.9 51.9 55.9 54.6 56.1 54.2 55.6 2.1
29 60.7 62.0 62.5 56.6 58.4 55.7 59.1 59.1 59.8 59.0 59.3 2.4
30 63.3 65.4 65.8 60.3 66.7 65.3 66.0 63.4 64.9 64=9 64.5 2.1
31 $:60.4 64.7 64 9 59.7 _.1.3 ,2.2 6i.3 ,j9.9 62.2 62.8 61.7 2.2
36 aB@ 63.2 64.4 58.7 61.1 60.9 59.3 56.1 61.0 62.0 60.3 2.7
33 57.6 60.2 61.8 59.1 68.2 66.2 60.4 56.4 63.1 64.3 61.2 4.1
34 53.1 55.8 56.9 53.8 60.5 57.0 54.0 52.5 56.2 57.5 55.4 2.7
35 52.7 54.8 55.1 55.4 64.9 58.8 54.6 53.5 58.4 59.6 56.2 3.9
36 48.6 50.P 51.1 52.0 59.6 52.9 50.1 47.6 53.4 54.4 51.6 3.7
37 44.9 45.9 47.5 48.1 54.8 47.2 44.4 42.9 48.7 49.2 47.0 3.6
38 .40.3 40.8 43.1 43.1 48.4 40.9 39.5 38.2 43.0 42.9 41.8 3.1
39 37.3 36.5 37.9 37.8 41.6 - - - 38.6 37.5 38.2 2.0
AC 37.6 37.0 - - -. - - 37.3 34.8 37.3 0.4

AL •68.7 71.6 72.2 67.9 74.1 71.9 70.2 63.0 71.1 71.1 70.6 2.2
.OASPL 76.7 75.8 77.9 76.7 79.0 78.2 77.0 7-7.4 77.5 - 77.4 1.0
*fPNL 79.6 82.3 83.2 60.8 87.1 84.6 81.3 78.8 83.3 -- 82.2 2.7
*1.4LT 80.6 82.8 83.9 81.7 89.6 87.0 83.2 00.1 84.8 - 83.6 3.2

BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO IOKHz
UNWEIGHTED ENERGY AVJRAGE OF MEASURED LEVELS OVER 360 DEGREES
A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
UNWEIGHTED ARITHMETIC AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- 32 SECOND AVERGING TIME

v'. ,w g



TABLE NO. C.1--2H.4

AEROSPATIALE SA-365N HELICOPTER (DAUPHIN) UOT/TSC
4/21/84

1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASUR:DW***

SITEz 2 (SOFT) - 150 M. WEST ,JUNE 6,198.s

HOVER-OUT-OF--GROUND-EFFECT
AVERAGE LEVEL

LEVELS 0 ACOUSTIC EMMISION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND
10. 0 45 90 135 180 225 270 315 ENERGY AVE ARITIH Std

* ** *** DvSOUND PRESSURE LEVEL dB re 20 microPasc&li

14 84.5 84.0 85.3 84.7 83.6 84.3 86.0 86.7 85.0 40.3 84.9 1.0
15 40.0 59.3 60.4 59.2 59.8 62.5 63.2 62.3 61.1 21.7 60.8 1.616 65.9 65.7 69.3 64.8 67.8 68.9 67.8 66.6 67.4 32." 67.1 1.6
17 77.3 77.2 80.0 74.1 77.7 78.8 79.2 77.8 78.0 47.8 77.8 1.8
16 67.0 66.9 72.7 72.0 72.8 73.7 71.8 70.4 71.6 45.4 71.2 2.3
19 67.9 70.1 73.5 73.8 74.6 74.7 73.8 71.9 73.0 50.5 72.5 2.4
20 65.1 66.8 69.0 66.5 66.5 73.5 72.3 69.6 69.6 50.5 68.7 3.0
21 -62.5 66.8 68.6 67.7 67.4 74.3 71.5 70.7 69.9 53.8 68.7 3.5
22 61.6 67.6 70.0 70.0 68.4 73.4 71.2 70.2 70.0 56.6 69.0 3.5
27A 61.? 67.3 71.8 70.0 68.2 72.8 71.5 70.1 70.1 59.2 69.1 3.7
24 '60.6 65.1 70.9 69.8 68.2 68.9 7..4 68.6 68.7 60.1 67.8 3.4
25 55.5 61.1 65.8 66.3 61.9 67.5 65.9 64.6 64.7 58.1 63.6 3.9
26 '60.8 66.5 62.1 62.7 63.8 73.7 6S,3 66.4 67.8 63.0 65.7 4.3
27 66.4 70.9 66.0 65.7 68.4 76.3 72.6 70.6 71.1 67.9 69.6 3.7
26 68.7 72.1 70.6 68.2 69.6 75.7 74.0 71.7 72.0 70.1 71.3 2.6

2 67.7 70.3 71.8 70.4 69.2 71.8 72.5 70.1 70.7 69.9 70.5 1.6
?69.5 71.2 74.7 73.5 76.8 71.7 73.6 71.6 73.4 73.4 72.8 2.3

31 >67,3 70.9 70.5 69.5 67.8 72.2 67.2 69.7 69.7 70.3 69.4 1.8
.,13I 69.6 68.7 68.1 68.2 70.2 67.6 70.2 68.9 69.9 68.8 1.0

66 .7 69.6 68.4 68.8 75.4 73.7 69.8 69.1 71.1 72.3 70.2 2.9
-1:4 '4(4.8 67.3 66.0 66.0 67.1 68.8 64.1 66.6 66.6 67.9 66.3 1.5
15 .64.3 66.6 65.1 65.3 71.9 70.5 64.5 65.6 67.8 69.0 66.8 2.8

6 60.9 63.A 61.7 62.6 67.4 66.6 62.5 62.6 64.1 65.1 63.5 2.3
.37 57.5 60.0 59.2 56.8 63.3 62..1 57.2 58.8 60.1 60.6 59.6 2.1
38 .'54.2 56.1 56.5 55.2 59.3 58.3 53.7 55.7 56.5 56.4 56.1 1.9
.39 52.6 53.5 53.3 51.4 55.1 54.5 50.4 93.1 53.2 52.1 53.0 t.5
0, •757.3 59.1 51.4 47.7 48.7 49.8 50.3 60.1 55.5 53.0 53.0 5.0

A-^L 77.2 79.9 80.1 79.3 82.2 82.6 80.3 79.7 80.4 80.4 00.2 1.7
DASPL 86.1 86.5 88.1 86.9 87.2 86.6 88.6 88.5 87.7 - 87.6 1.0

S NHL .89.3 92.0 91.0 91.5 95.0 95.6 92.5 92.1 93.1 - 92.5 2.0
?4 ,90. 3 93.4 93.0 92.7 97.8 97.0 93.7 93.7 94.3 - 93.9 2.4

BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO 10KHz

- UNWEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
•* A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- UNWEIGTED ARITHMETIC AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

S4 0* -t A2 SECOND AVERGING TIME

-,- .•' - .!- . , - - r . . . .



TABLE NO. C.1--2H.2

AEROSPATIALE SA-365N HELICOPTER (DAUPHIN) DOT/TSC
4/21/84

1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASURED****

SITE: 2 (SOFT) - 150 M. WEST JUNE 6,198.3

FLIGHT IDLE
AVERAGE LEVEL

LEVELS @ ACOUSTIC EMMISION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND
NO. 0 45 90 135 180 225 270 315 ENERGY AVE ARITH Std

S *** DvSOUND PRESSURE LEVEL. dE re 20 mnicroPasscal

14 80.0 79.0 79.7 78.7 - 79.4 34.7 79.3 0.6
15 58.7 55.2 58.0 57.3 - - 57.5 18.1 57.3 1.5
16 - 66.0 67.3 67.9 65.8 -.. 66.8 32.2 66.7 1.0
17 - 74.7 76.0 75.3 73.3 - - 74.9 44.7 74.8 1.1
18 - 67.6 71.7 67.3 66.6 .-. 68.8 42.6 68.3 2.3
19 - 63.8 66.6 63.3 62.1 - - - 64.3 41.8 63.9 1.9
20 -- 66.6 70,3 63.8 63.7 .- 67.0 47.9 66.1 3.1
21 - 67.7 68.8 67.2 64.5 - - - 67.3 51.2 67.0 1.8
22 - 67.9 68.5 64.8 65.9 .- - 67.0 53.6 66.8 1.7
23 - 68.8 70.3 64.8 67.0 - - - 68.2 57.3 67.7 2.4
24 66,2 66.7 63.8 66..6 .. . .. 66.0 57.4 65.8 1.4
25 - 58.2 58.8 58.9 61.3 - - - 59.5 52.9 59.,3 1.4
26 - 46.4 46.8 51.7 51.0 . .. .. 49.6 44.8 49.0 2.8
27 -- 46.5 48.3 47.5 45.2 - - - 47.0 43.8 46.9 1.3
28 - 48.7 52.5 45.0 45.8 -... 49.1 47.2 48.0 3.4
:29 53.1 54.1 46.0 49.3 - - - 51.7 50.9 50.6 3.7
30 55.5 57.8 53.9 57 - -. . - 56.3 b6.,3 56.1 1.7
i- ,A5.7 56.9 47.3 50.6 - - - 54.1 54.7 52.6 4.5

32 - 58.4 60.6 48.3 52.2 .- - 57.1 58.1 ,54.9 5.6
33 - 58.4 61.0 55.1 53.9 - - 58.0 59.2 57.1 3.2
34 - 56.9 59.6 48.0 49.6 - - 55.9 57.2 53.5 5.6
35 - 56.7 60.0 52.8 52.7 - - - 56.6 57.8 55.5 3.5
36 - 53.6 57.9 50.5 49.6 - - - 54.2 55.2 52.9 3.7

,37 - 50.6 54.5 45.8 45.4 - - - 50.7 51.2 49.1 4.3
38 - 49.5 51.4 42.0 42.1 - - - 48.1 48.0 46.2 4.9
39 - 55.4 52.3 41.0 42.3 - - - 51.4 50.3 47.7 7.2
40 - 56.3 48.1 33.8 35.4 -. . . 50.9 48.4 43.4 10.?

ýAL - 68.4 70.4 64.1 65.5 . . ..- 67.8 67.8 67.1 2.8
OASPL - 82.5 82.9 82.1 81.0 .- 82.2 - 82.1 0.8
PNL - 82.9 85.2 70.6 79.2 - - - 82.6 - 81.5 3.1

" i4LT - 83.3 85.7 81.0 81.6 ...- S3,7 - 82.9 2.1

BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO 10KHz
4:;:+;: -UNWEIGHTED ENERGY AVERAJE OF MEASURED LEVELS OVER 360 DEGREES

A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
37•** - UNWEIGHTED ARITHMETIC AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- 32 SECOND AVERGING TIME



TABLE NO. C.1-211ý

AFROSPATIALE SA-365N MELICOPTER (DAUPHIN) DOT/'SC
4/24/84

1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASURED****

SITE; 2 (SOFT) - 150 M. WEST JUNE 6,1987.

HOVER-IN-GROUND-EFFECT
AVERAGE LLEVE:L

LEVELS G ACOUSTIC EMMISION ANGLES OF (DEGREES) OVE"R 360 DEGREFES

BAND
NO. 0 45 90 135 180 225 270 315 -ENERGY AVE ARITH ,tcd

SOUND PRESSURE LEVEL dEB re 20 naicroPascrl

, ,

-.. ':---.- " u"

WI:•; .• ••

," .... • o • . :• • ,-.



- -- - - - - - . - - . - . .. _ _-

TAEBL.E NO. C.1--1.I4
AEROSPATIALE SA--365N HELICOPTER (DAUPHIN) DOI/ISC

1/3 OCTAVE NOISE DATA -- STATIC TESTS 4/ 2 I/34

AS MEASURE)****

SITE: lH (SOFT) - 150 M . NW JUNE 6,1983

HOVER--OUT -OF-GROUND-- LE FEC-
AVERAGE LEVELLEVELS 0 ACOUSTIC EMMISION ANGLES OF (DEGREES) OVE:-_R. 360 DEGREES

NO. 0 45 90 135 180 225 270 315 ENERGY AVE ARITH Std
SOUND PRESSURE LEVEL d8 re 20 n.icroPascwjl * *** Dv

14 61.8 79.2 81.5 81.6 80.2 80.8 83.0 82.5 81.5 36.8 81.3 1 .'215 58.2 56.6 59.4 59.4 59.9 59.8 62.7 62.4 60.2 20.8 59.8 2.016 64.5 62.9 62.0 62.1 64.7 65.4 66.6 65.6 64.5 29.9 64.2 1.717 75.4 73.2 70.4 70.5 73.1 74.0 75.6 75.6 73.9 43.7 73.5 b .118 67.3 65.4 69.2 69.1 70.1 69.2 71.4 67.5 69.0 42.8 68.6 1.919 68.0 67.2 72.2 72.0 71.9 71.3 71.5 69.5 70.8 48.3 70 . r1.020 66.3 61.2 65.4 64.8 63.6 64.9 69.7 66.8 66.0 46.9 65.3 2-521 66.5 62.7 66.) 66.4 64.9 66.6 70.9 68.1 67.1 51.0 66.5 2.422 66.5 63.9 67.1 67.1 66.2 68.2 70.3 67.7 67.5 54.1 67.1 1.823 66.1 64.1 66.4 66.5 65.9 66.8 69.5 67.4 66.8 55.9 66.6 1.524 63.1 63.1 64.5 64.7 64.3 64.6 65.2 65.7 64.5 5r.9 64.4 0.925 57.6 56.1 57.9 58.3 57.0 57.4 66.3 59.9 60.3 53.7 58.8 3.226 64.7 60.3 59.6 60.6 62.2 59.5 72.2 63.1 65.3 60.5 62.8 4.227 68.4 65.9 63.8 64.8 66.1 63.0 75.2 66.7 68.8 65.6 66.7 .3.828 70.2 68.4 65.8 66.4 68.0 64.7 74.9 66.7 69.6 67.7 68.4 3.229 70.6 69.3 68.8 69.0 69.4 67.3 74.0 69.8 70,2 69.4 69.8 1.930 71.6 76.7 74.7 73.R 79=7 760 7 3.9 7 73- . Y4.. "63i 66.9 70.2 69.8 69.3 70.7 69.2 62.2 68.9 69.5 68.6 1.832 67.1 65.7 66.2 66.5 66.0 ý4.9 72.6 66.1 67.7 68.7 66.9 2.433 66.7 69.9 69.7 68.9 74.3 73.5 70.9 68.4 71.0 72.2 70.3 2.634 62.9 63.5 65.0 64.8 66.0 67.0 68.3 63.6 65.5 66.8 65.1 1.935 62.5 64.8 67.2 67.3 70.9 70.5 67.2 63.6 67.6 68.8 66.7 3.036 59.7 61.1 63.6 63.2 66.7 65.9 64.7 60.7 63.8 64.8 63.2 2.537 56.9 58.2 61.2 60.5 64.0 62.2 61.4 57.5 60.8 61.3 60.2 2.538 53.9 55.3 58.3 57.7 60.7 57.0 58.0 55.0 57.8 57.7 57.2 2.339 53.7 53.8 55.0 54.5 56.7 55.1 54.3 53.7 54.7 53.6 54.6 1.040 58.4 59.8 50.0 49.9 50.9 50.3 54.2 62.4 57.1 54.6 54.5 5.0

AL 77.8 79.8 79.4 79.0 82.0 81.0 82.1 78-3 80.3 80.3 30.0 1.8OASPL 84.6 83.4 84.5 84.4 85.5 84.9 87.0 85.2 85.0 - 8:4.9 1.0PNL 89.5 90.6 91.3 91.2 94.0 93.2 93.8 90.5 92.3 - 91.8 3.7PNLT 90.7 93.5 93.1 92.7 97.5 95.7 94ý6 92.1 94.3 -- 93.7 2 .

BiANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO 10KHz
* "" UNWEIOHTEC ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES4* - A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES- UNWEIGHTED ARITHMETIC AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- 32 SECOND AVERGING TIME



TAU:L.I NCO. C. 1--111."2.

AEROSP'ATIALE SA-365N HELIICOPTER (DAUPHFIN) DIOT/TSC
4/21/84

1/3 OCTAVE NOISE DATA S-.. STATIC TESTS

AS MEASLURED****

SITE: IH (SOFT) - 150 M. NW JUNE 6,1983

FLIGHT IDLE
AVERAGE LEVEL

LEVELS G ACOUSTIC EMMISION ANGLES OF (DEGREES) OVE-R 360 DEGREES

BAND
NO. 0 45 90 135 180 225 270 315 ENERGY AVE ARITH Std

S* *** Dv
SOUND PRESSURE LEVEL dB re 20 noicroPascal

14 75.3 - 75.5 72.6 76.6 75.9 -- 75.6 75.4 30.7 75.2 1.4
15 60.1 - 58.4 49.1 52.6 52.4 - 59.9 57.2 17.8 55.4 4.6
16 64.2 64.2 57.5 62.5 62.8 63.5 62.9 28.3 62.4 2.5
17 71.0 - 71.7 65.0 69.8 69.2 67.8 69.6 39.4 69.1 '2.4
18 63.0 - 67.8 58.1 65.6 64.5 -- 63.8 64.7 38.5 43.8 3.3
19 59.0 - 63.6 56.8 59.7 60.4 59.5 60.3 37.8 59.8 2.2
20 63.7 - 67.7 61.7 61.5 62.7 64.1 64.1 45.0 63.6 2.3
21 66.3 - 67.3 61.4 62.0 63.5 - 67.3 65.3 49.2 64.6 2.7
2? 64.9 - 66.6 61.8 63.7 64.9 67.3 65.2 51.8 64.9 2.0
23 64.3 - 67.0 61.8 64.9 64.3 - 66.6 65.1 54.2 64.8 1.9
'4 58.7 61.4 57.6 62.3 60.3 -- 59.0 60.2 51.6 59.9 1.8
In 45.7 - 49.0 46.1 53.8 50.4 - 45.2 49.5 42.9 48.4 3.4
26 46.0 - 44.7 36,4 45.5 40.6 - 46.0 44.3 39.5 43.2 3.9S 27 48.3 - 49.6 39.6 43.0 41.5 - 50.6 47.2 44.0 45.4 4,6
28 50.4 - 54.2 43.1 45.0 43.2 54.3 50.8 48.9 48.4 5.3
29 55.9 - 57.0 46.8 48.4 46.8 - 61.2 56.0 55.2 52.7 6.1
'30 _58.6 - 61.1 51.8 57.2 53.5 - 67.7 61,7 61.7 58.3 5.7
31 .58.8 - 62.0 52.3 53.2 50.8 - 64.0 59.5 60.1 56.8 5.51
-32 ,58.8 - 64.9 55.3 55.6 53.6 -- 63.3 60.6 61.6 58.6 4.6na--.2 oa.v -7.I nu.'v nu,± - u.i s/ av j~ .43 53. - 6S. 57. -6. S6.... 59.e 6i.0 Z6.6 3.0
34 52.3 - 59.9 53.0 55.8 55.3 "" 57.3 56.4 57.7 55.6 2.8
35 48.7 - 58.4 53.7 57.8 58.0 - 56.5 56.5 57.7 55.5 3.8
36 45.7 - 56.3 51.9 56.2 55.7 -- 51.7 54.1 55.1 52.9 4.1
37 43.3 - 53.5 48.5 52.5 51.9 - 48.2 50.8 51-3 49.6 3.8
:s 42.8 - 51.4 45.8 49.5 48.9 -- 46.3 48.3 48.2 47.4 3.1
,39 47.2 - 52.7 49.9 50.9 48.9 - 50.4 50.3 49.2 50.0 1 .9
.40 48.3 - 50.9 41.0 43.5 41.8 - 53.4 48.8 46.3 46.5 5.1

66.4 - 71.9 64.5 67.2 66.3 -- 72.3 69.1 69.1 68.1 3.2
".VQASPL 78.4 - 79.8 75.0 78.8 78.2 79.2 78.5 - 78.2 1.7

SPNL 79.2 - 85.2 78.3 81.7 81.2 - 83.5 82.1 - 81.5 2.6
1,PNLT .79.8 - 85.7 79.4 83.8 82.7 - 85.2 83.4 - 82.8 2.7

BANDS 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO 1OKHz

LUNWEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
- A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
-- UNWEIGHTED ARITV"IETIC AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- 32 SECOND AVERGING TIME

S= "" " - , -'. Lm,._..i~e _"JiL,3m = •_.Zi •.p..A ,i. i• J f.., '•=' • -,,"• .' = •,4w ",=l - .' .'C ,K 9a_"'=•' -



TABLE NO. C.1--IH.I

AEROSPATIALE SA-365N HELICOPTER (DAUFHIN) DOT/TSC
4/21/84

1/3 OCTAVE NOISE DATA -- STATIC TESTS

AS MEASUREV****

SITE: IH (SOFT) 1SO M. NW JUNE 6,1983

HOVER- I N--GROUND--EFFECT
AVEfe, GE LEVEL.

LEVELS @ ACOUSTIC EMMISION ANGLES OF (DEGREES) OVER 360 DEGREES

BAND
NO. 0 45 90 135 180 225 270 315 ENERGY AVE ARITH Std

* ** *** Dv
SOUND PRESSURE LEVEL dE re 20 ,,icroPasca1

14 78.7 74.7 77.P 79.4 77.9 78.3 78.9 -- 78.2 33.5 78.0 1.5
15 63.3 59.6 62.0 59.4 59.2 55.7 61.4 - 60.6 21.2 60.1 2.5
16 64,0 63.0 63.7 61.8 63.4 62.7 63.8 -- 63.3 28.7 63.2 0.8
17 72.4 72.5 73.0 70.2 72.1 71.6 72.7 - 72.2 42.0 72.1 0.9
18 66.0 66.9 67-0 69.0 68.4 68.5 67.7 -o 67.8 41.6 67.6 1.1
19 66.2 67.9 69.2 71.9 70.2 71.0 69.ý - 69.7 47.2 69.4 1.9
20 65.0 65.4 65.5 64.9 66.2 68.3 66.5 -- 66.1 47.0 66.0 1.2
21 67.1 67.6 67.5 67.9 68.7 70.8 68.0 - 68.4 52.3 68.2 1.2
22 67.1 68.5 68.9 69.6 69.3 71.4 68.7 -- 69.2 55.8 69.1 1.3
23 65.3 67.8 68.4 68.6 6e.1 69.8 67.8 - 68.1 57.2 68.0 1.4
24 59.4 63.0 63.1 63.7 63.3 64.1 62.6 - 62.9 54.3 62.7 1.6
-25 47.2 50.0 49.4 52.0 50.3 51.9 49.0 -- 50.2 43.6 50.0 1.7
26 46.3 45.1 47.2 50.1 44.3 45.6 43.8 -- 46.6 41.8 46.1 2.1
27 49.5 48.5 50.7 49.1 49.4 50.1 46.0 - 49.2 46.0 49.0 1.5
28 54.7 52.4 54.8 52.3 52.3 54.1 48.3 - 53.1 51.2 52.7 2.2
29 59.4 50.4 59.8 57.0 55.6 58.4 51.4 57.8 57.0 57.1 2.9
-30 64.1 64.3 64.2 62.7 64.1 69.4 61.8 -- 65.1 65.1 64.4 2.4
.31 64.2 64.4 64.4 60.1 60.6 65.8 59.1 - 63.3 63.9 62n7 2.6
32 60.6 62.0 60.9 60 4 60.5 4-4 59.5 "" 61.5 62.5 61.2 1.6
33 54.7 m7.1 56-0 61.2 61.4 69.7 58.1 - 63.0 64.2 59.7 5.134 53.5 51.6 53.5 53.4 52.0 61.4 51.0 -" 55.5 56.8 53.8 3.5
35 50.5 52.2 49.4 55.7 56.4 62.4 52.5 - 56.4 57.6 54.2 4.4
.36 47.7 48.4 46.9 51.5 52.0 57.2 48.4 51.8 52.8 50.3 3.6
37 45.1 45.4 44.6 48.6 48.4 53.1 44.9 - 48.3 48.8 47.2 3.1
38 42.7 42.8 42.6 45.2 45.1 49.3 42.0 45.0 44.9 44.2 2.6
39 43.1 41.6 40.3 42.1 41.4 45.6 39.4 - 42.4 41.3 41.9 2.0
40 48.3 49.1 41.3 38.4 36.6 41.4 39.0 44.5 42.0 42.0 4.9

L 70.0 70.5 70.4 69.8 70,1 75.7 68.2 - 71.3 71.3 70.7 2.3
ASPL 81.2 79.8 81.2 82.0 81.3 82.5 81.6 - 81.4 -- 81.4 0.8

PNL 81.3 82.2 81.7 83.1 83.0 88.7 80.8 - 84.1 - 83.0 2.7
"PNLT 81.8 83.7 82.2 84.5 85.0 91.1 82.9 -- 85.6 - 84.5 3.2

8AND. 14 TO 40 - STANDARD 1/3 OCTAVE BANDS 25 TO 1IOH.z

* - 'JNWEIOHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGREES
- A-WEIGHTED ENERGY AVERAGE OF MEASURED LEVELS OVER 360 DEGRadES
- UNWEIGHTED ARITHMETIC AVERAGE OF MEASURED LEVELS OVER 360 DEGREES

- 32 SECOND AVERGING TIME



APPENDIX C

Magnetic Recording Acoustical Data for Static Operations

This appendix contains time average, A-weighted sound level data along
with time average, one-third octave sound pressure level information for
eight different directivity emission angles. These data were acquired
June 6 using the TSC magnetic recording system discussed in Section
5.6.1.

Thirty-two seconds of corrected raw spectral data (64 contiguous 1/2
second data records) have been energy averaged to prod'ce the data
tabulated in this appendix. The spectral data presented are "As Measured"
for the given emission angles established relative to each microphone
location. Also included in the tables are the 360 degree (eight emission
angle) average levels, calculated by both arithmetic and energy averaging.
The data reduction is further described in Section 6.1. Figure 6.1
(previously shown) provides the reader with a quick reference to the
emission angle convention.

The data contained in these tables have been used in analyses presented in
Sections 9.2 and 9.7. The reader may cross reference the magnetic
recording data of this appendix with direct read static data presented in
Appendix D.



HELICOPTER: DAUPHIN TABLE B-9.3

TEST DATE: 6-6-83

OPERATIWM: 9 DEGREE APPROACH

"IC SITE:

RUN NO. SEL(OB) AL(DB) T(I0-D8) K(A)

152 93.3 85.2 12 7.5 .5
H53 88.9 79,6 16 7.7 .5
N54 90 81.1 16 7.4 I5
H55 92.1 84 13 7.3 .5
N56 90.5 81.4 1i 7.6 .5

AVERAGE 91.00 82.30 J4.60 7.50 .5

N 5 5 5 5 5

STD.DE. 1.74 2.28 1,95 .17 .02

90% C.I1. 1.66 2.18 1.86 .16 .02

S - .r1 'M " : 
__

:; " •,•'. .' '"
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HELICOPTER: DAUPHIN TABLE 8.9.1

TEST DATE: 6-6-93

OPERATION: 9 DEGREE APPROACH

NIC SITE: 5

RUN NO. SEL(DB) AL(OB) TGO-DO) K(A) 0

H52 94.3 B8 IN NA NA
H53 96 90.1 IA IA IA
"H54 95.5 89.9 NA NA NA
1H55 96 91.2 IA IA NA
H56 94.9 89 IA IA IA

AVERAGE 95.30 89.60

N 5 5

STD.DW. 0.74 1.20

"" , C.!. 0.70 1-14

HELICOTM: DAPI'IN TABLE B,9.2

TEST DTE: 6-6-83

.-MT1.: 9 DEGREE APPROACH

IHC SITE: 1

MIN NO. SEL(MB) AL(PS) T(10-DB) K(A) a

".1152 95.5 87.9 12 7 .5
$153 91 82.5 13 7.6 .5
1154 92.1 83.9 12 7.6 .6
•H55 94.2 66.5 11 7.4 .5
HU 94.1 87 10 7.1 .5

.:EAGE 93.40 85.60 11.60 7.40 .5

NH 5 5 5 5 5

.STI.DEV 1.60 2.27 1.14 .27 .03

"Y. C.1. 1.72 2.16 1.09 .26 .C3

, f ;o j. . .



HELICOPTER: DAUPHIN TABLE .8a,2

TEST DATE: 6-6-83

OPEIATION: DIRECT CLIMB TAKEOFF (BEST ANGLE OF CLIMB)

tiC SITE: I

RUN NO. SEL(DB) AL(DB) T(0O-DO) K(A) 0

6841 94.7 98.1 11 6.3 .4
6942 94 87.6 10 6.4 .4
6843 92.9 86.2 12 6.2 .4
6844 93.7 86.7 12 6.5 .4
6845 92.7 86 12 6.2 .4

AVEM6E 93.60 86.90 11.40 6.30 .4

N 5 5 5 5 5

STD.DEV. 0.82 0.90 0.89 .12 .02

90V C.I. 0.78 0.86 0.85 .12 .02

HELICOPTER: WAUPHIN TABLE 8.e,3

JEST DATE: 6-6-83

VEFATIONi DIRECT CLIMB TAKEOFF (BEST AN6LE OF CLIMB)

MXC SITE: 4

.tll0 NO. SEL(DB) AL(D8) T(IO-DO) K(A) 0

-841 91.9 V. 12 6.4 .4
"" m842 91.9 65.1 12 6.3 .4

"6843 90.7 03,8 13 6.2 .4
",0' 6844 90.8 83.8 12 6.5 .4

.845 90.4 93 15 6.3 .4

#. ' VEW&i 91.10 84.10 12.90 6.30 .4

N 5 5 5 5 5

STDM,. 0.71 0.99 1.30 .11 o02

9V. C.I. 0.68 0.85 1.24 .11 .0,

: :.



HELICOPTER: DAUPHIN TABLE B.7.3

TEST DATE, 6-6-83

OPERATION: DIRECT CLIMB TAKEOFF (BEST RATE OF CLIMB)

MIC SITE: 4

RUN NO. SEL(DB) AL(DB) T(10-DB) K(A) 9

A37 93.7 87.5 8 6.9 .5
SA38 94.2 88.6 8 6.2 .5
A39 94.3 88.2 9 6.4 .5

GA40 93.6 87.2 9 6.7 .5

AVERABE 94.00 87.90 8.50 6.50 .5

N 4 4 4 4 4

STD.DEU. 0.35 0.64 0.58 .3 .03

901/ C.I. 0.41 0.75 0.68 .35 .04

-HELICOPTER: DAUPHIN TABLE 8.8.1

TEST DATE: 6-6-83

.PERATION: DIRECT CLIMB TAKEOFF (BEST AGLE OF CLIMB)

- 'AIIIC SITE: 5

"RUN NO. SE(JD) AL(DB) T(10-1B) K(A) a

6841 96.5 91.3 NA NA NA
.6142 93.7 90.4 NA N NA

" -- 'A'; ..... '43 94.7 89.5 NA NA NA
6044 95.3 88.9 NA NA NA
6845 94.7 88.4 NA N NA

A,.EMSE 95.40 89.70

W :N 5 5

STD.DEV. 0.76 1.16

W% C,.1. 0.72 1.11

----------- ------



HELICOPTER: DAUPHIN TABLE 0.7,1

TEST DATE: 6-6-83

OPERATION: DIRECT CLIMB TAKEOFF (BEST PATE OF CLIMB)

kilC SITE. 5

R114 NO. SEL(DS) ALM) T10618) K(A) 9

GA37 98.1 93.5 N , N
SA38 97.7 92.9 NA N
BA39 97.9 93.3 N A N
GA40 96.9 92.2 NA NA N

AVER46E 97.70 93.00

N 4 4

STD.DEV. 0.53 0.57

90% C.!. 0.62 0.68

HELICOPTER: DAUPHIN TABLE B.7.2

TEST DATE: 6-6-83

OPEPATION: DIRECT CLIMB8 TAKEOFF (BEST RATE OF CLIMB)

MIC SITE:

P44 NO. CSiEL09 Ai 1-W) TI B Irk-1.% .A)

6A3? 95.9 90.6 7 6.3 .GA36 96 90.6 7 6.4 .5
SAW3 96.6 91.5 6 6.6 .5

4 A40 96.1 906 7 6.5 .5
<''MJRAOE 96.20 90.80 I.0s.4

1.0 .4

N 4 4 4 4 4

SSTD. DEV. 0.31 0.45 0.50 .13 .02
90Y. C. 1. 0.37 0.53 0.59 .15 .03



HELICOPTER: WHUPIN TABLE B.4.2

TEST DATE: 6-6-83

OPEMTICNi 1000 FT FLYOVER(.9IVH)/TARGET IAS-135 KTS

MIC SiTE: 1

RUN NO. SEL(MB) AL(DB) T(1O-DB) K(A) 0

021 81.1 72 19 7M1 .4
D22 81.3 71.4 20 7.6 .5
023 81.7 73.2 15 7.2 .5
024 81.9 72 19 7.7 .5
025 92.4 73.9 18 6.9 .4

AVE.A6E 81.70 72.50 39.20 7.30 .5

N 5 5 5 5 5

STD.DEV. 0.50 0.99 1.92 .34 .04

9m C.. 0.48 0.94 1.83 .33 .04

HELICOPTER: IWMPIIN TABLE .4.3

"TEST DATE: 6-6-83

-OPWMT]I4: 1000 FT FLYOER(O0MAN/)IrARBET IAS*135 KTS

.IIC SITE: 4

RIM NO. SEL(DB) ALMOS) T(UO-DB) K(A) a

.zi 41 72.1 19 7.1 .4
022 80.7 70.4 22 7.7 .5
023 01.6 73.1 15 7.2 .5
D24. e4 6 71 20 7.7 .5
025 92.4 74.5 14 6.9 .4

. .EMKE 61.30 72.20 17.90 7.30 .5

"."N 5 5 5 5 5

STO.OS'J. 0.68 1.64 3.35 .35 .03

M.' C.1. 0.45 1.57 3.19 .34 .03

I ."% ."

• ., i .

i-- t••• , k :`••- - k . ``-+ ? • •-- - • \ . • l •,,- .•-, .,..,..,.- _ . . , , , . . .



HELICOPTER, DAUPHIN TABLE 8.5.1

TEST DATE: 6-6-83

OPERATION: ICAO TAKEOFF

NWC SITE:

RUNI NJ. SEL(DB) AL(D) T(OO-DO) IUA) 0

E26 NA NA NA NA NA
E27 95.3 69.2 NA NA NA
£28 95.6 39.9 NA NA NA
E29 95.5 89 NA NA NA
E30 95.6 8947 NA NM NA
E31 95.1 88.5 FM NAM t
E32 95.4 88.7 NM NA FMA
E33 95.7 89.7 FM NA FM
£34 100.1 97.8 NA FM NA

AVERAGE 96.00 90.30

N 8 8

STD.C9J. 1.65 3.07

IELJC0PTEuI MIWIIIN TABLE 8.5.2

TEST DATE: 6-6-93

0EMTIffi ICAD TAKEOFF

NIC SITE:

RUNl NO- SELWO ALMI) T08f-06) K(A) 0

-'E26 94.8 so 9 7.1 .5
E7 9. 967 12 7 .5

(28 94,5 88.2 9 4.6 .5
'£29 93.3 86.1 12 6.7 .4
1 30 93.5 87.3 10 6.2 .4
£31 93.7 06.B 11 6.6 .4
(32 93.5 u6,5 if 6.7 .5
£33 93.9 e6.6 10 7.3 .5
£34 99.3 967 3 5.4 .6

FEMEE 94.50 98.10 9. 70 6460 .5

N 9 9 9 9

P0.09). 1.86 3.36 2.74 .55 .06

mc.I. 1.15 2.04 1.70 .34 .04



HELICOPTER: DAUPHIN TABLE 8.5.3

TEST DATE: 6-6-83

OPERATION: ICAN TAKEOFF

MIC SITE: 4

RUN NO. SEL(DB) AL(DB) T(0-DR) K(A) a

E26 93.2 85.4 12 7.2 .5
E27 92.3 84.4 13 6.9 15
E28 92.7 85.5 13 6.5 .4
E29 91.8 84.8 13 6.3 .4
E30 92.3 85.5 12 6.3 .4
E31 91.6 93.1 14 7.4 .5
E32 91.5 83,3 13 7.4 .5
E33 92.3 96.4 12 5.5 .3
E34 98.2 95.4 4 4.7 .5

AVEIME 92.90 96.00 11.80 6.50 .4

N 9 9 9 9 9

STD.D)V. 2.07 3.68 2.99 .92 .07

m8Z C.. 1.28 2.28 1.85 .57 ..04

""ELICOPTER: I•tUPHIN TABLE B.6.1

TEST DATE. 6-6-83

' OPETION: 6 DEGREE ICA4 APPROACH

MIC SITE:.

. :!ItN NO. SEL(OB) AL(DB) T(IO-DO) K(A) a

"F35 91.1 84.6 NA NA NA
f36 92.4 85.9 NA NA NA
F46 94.6 88.4 NA NA NA
F47 95.3 89.8 NA NA NA

.F48 95 88.4 NA NA NA
"F49 95.2 88.1 NA NA NA
FS 95.8 89.6 NA NA NA
FS 93.9 86 NA NA NA

MAEPAGE 94.20 87.60

N8 8

STDDEV. 1.63 1.88

W ., C.,. 1.09 1.26



HELJCOPTER: DUPHIN TABLE 8.6.2

TEST DATE: 6-6-83

OPERATION: 6 DEGREE ICAO APPROACH

FIC SITE:

RUN NO. SEL(D8) AL(DM) T(10-DB) K(A) 0

F35 93.7 87.2 10 6.5 .4
F36 90.5 82.9 13 6.8 .4
F46 93.2 85.7 10 7.5 .6
F47 94.3 87.4 10 6.9 .5F48 94.3 96.5 12 7.2 .5
F49 94 86.1 13 7.1 .5F50 94.4 86.6 12 7.2 .5
F51 94.8 89.1 9 6 .4

AVERAGE 93.70 86.40 11.,O 6.90 .5

N 8 8 8 8 8

$1'.DEV. 1.36 1.76 1.55 .48 .05

M91 C.I. 0.91 1.18 1.04 .32 .03

HELICOPTER: WAUPHIN TABLE 9.6.3

TEST DATE: 6 -- 83

WWTION, 6 DEGREE ICAO APPROACH

IrIC SITE: 4

-t.4 Cl. SEL(D8) ALMD) T(U0-DB) K(A) 9
4•,,j ' F35 95.7 91.2 6 5.8 .5'F36 90.5 82.6 11 7.6 .6

F46 91.1 83.5 NAI N
F47 Y2.6 84.7 13 7.1 .5"F48 93 94.9 13 7.3 .5
.49 92.9 85.1 13 7 .5
FU0 92.5 94 13 7.6 .5
F3I 92.8 86 11 6.5 .4

A1V oM& 92.60 85.30 11.40 7.00 .5

N 8 8 7 7 7

".6D.)EV. 1.54 ,2,62 2.57 .65 .04

S.C.I. 1.03 1.76 1.89 .48 .03

_-___._____,__ -....___,__. .. . -_._,,_._,____.._,,...,_,_,.__,,._._.,._,_,,,_ ,_,,, -.-.-.. ,-..-... ....



HELICOPTER: DAUPHIN TABLE 0.3.3

TEST DATE: 6-6-83

OPERATIGO: 500 FT FLYOVER(O.7',H)/TAR6ET IAS105 KTS

NIC SITE: 4

RUN NO. SEL(DB) AL(DB) T(IO-DD) K(A) a

CI5 85 76.6 14 7.2 .5
Cis 85.1 77.3 13 7 .5
C17 NA NA 13 NA NA
CI 65.5 77.2 13 7.5 .5
C19 85.3 77.4 13 7.1 .5
X28 95.1 76.8 13 7.5 .5

X'EI$E 85.20 77.10 13.20 7.20 .5

N 5 5 6 5 5

STD.DEV. 0.20 0.28 0.41 .21 .03

M90 C.. 0.19 0.27 0.34 .2 .03

HELICOPTER: DAUPHIN TABLE 8.4.1

TEST DATE: 6-6-83

"OPEMT]IO4i 1000 FT FLYOER(O.9?Mt)TARET IASUI35 KTS

-IC SITE: 5

M'" NO. SEL(DO) AL(DM) TiIO-DB) K(A) 0

0 021 92.4 73.3 NA NA NA
S 022 82.2 73 N A H
" - 023 92.7 74.1 NA NA NA

024 62.4 72,9 N A N
025 82.6 73.3 NA NA NA

-JE•M. 82.50 73.30

N 5 5

"" STD.KV. 0.19 0.47

"m c, aI. 0.19 0.43



HELICOPTER: DAUPHIN TABLE 0.3.1

TEST DATE: 6-6-83

OPERATIONi 500 FT FLY0,ER(O.70VH)/TARGET IAS=105 I(TS

IIC SITE: 5

RIt NO. SEL(DB) AL(DB) T(10-DO) K(A) a

C15 84.9 77,3 NA NA NA
CI6 5.4 77.7 NA NA NA
C17 95.2 77.1 HA NA NA
CIq 85.2 77.2 NA NA NA
C19 85.4 77.6 NA NA NA
C20 85.5 77.2 NA NA HA

AY[RAGE 85.30 77.40

N 6 6

STD.DEV. 0.22 0.24

9V. C.I. 0.18 0.20

"hELICWTER: DAUPHIN TABLE B.3.2

TEST IDTE: 6-6-93

OPERATION: 500 FT FLYOVER(O.7'V14)/TAE IASM, 05 1TS

.HIC SITE: I

MIN NO. SE1,(D9) ALM)nr T(1-9) UI A 0~i

C15 .5.2 76.9 13 7.5 .5
: " £16 85.7 77.8 12 7.3 .5

C17 95.5 77.5 12 7.4 .5
CIO 85.3 77.1 13 7.4 .5
£19 95.7 77.7 12 7.4 .5

"""C20 85.6 77.6 12 7.4 .5

" AVRMSE 85.50 77.40 12.30 7.40 .5

N 6 6 6 6 s

"STD.r• V. 0.21 0.36 0.52 .05 .01

M C.I. 0.17 0.29 P.42 .04 .01



HELICOPTER: DAUPHIN TABLE 8.2.2

TEST DATE. 6-6-83

OPERATION: 500 FT FLYOVER(O.B1'H)/TAR6ET IAS=120 KTS

MIC SITE: I

RUN NO. SEL(D8) AL(DB) T(i0-DB) K(A) a

oil 85.9 78.1 11 7.5 .5
812 86 NA 11 NA NA
813 85.6 78.3 11 7 .5
914 88.8 78.6 10 10.2 1

AVERAGE 86.60 78.30 10.80 8.20 .7

N 4 3 4 3 3

STD.DE'. 1.49 0.25 0.50 1.72 .31

i". C.I. 1.76 0.42 0.59 2.9 .52

"HELICOPTER: DAUPHIN TABLE 6.2.3

TEJT DATE: 6-6-83

,)PERATION: 500 FT FLYOIER(O.8#JH)!TARGET IAS=120 KTS

.: . . ,IC SITE: 4

,. .NO. SEL(D8) AL(O8) T(Q6-DB) K(A) Q

.11 94.9 77.A 11 &.8 ,5

: - 912 85.2 77.8 11 7.1 .5
813 85 77.5 12 6.9 .5
914 85.3 77.8 12 6.9 .5

.AVERAGE 95.10 77.70 11.50 7.00 .5

"N 4 4 4 4 4

STD.DEV. 0.18 0.15 0.58 .12 .02

907% C,., 0.21 0.18 0.68 .14 .02



HELICOPTER; DAUPHIN TABLE B.1.3

TEST DATE: 6-6-83

OPERATION: 500 FT FLYONER(O.9'YH)/TARGET IAS,135 KTS
M1C SITE: 4

RUN NO. SEL(D8) AL(DB) 1(10-08) K(A) a

Al 87.5 80.1 11 7.1 .5
A2 88 80.7 10 7.3 .5
A3 86.4 79.8 10 6.6 .5
A4 89 82.6 9 6.7 .5
A5 85.9 78.5 13 6.6 .4
AS 85.7 78.7 11 6.7 .5
A7 85.9 78.3 13 6.8 .4
A• 85.7 78.8 10 6.9 .5
A9 85.5 78.3 12 6.7 .4

410 85.2 78.5 11 6.4 .4

AMEM5BE 86.50 79.40 11.00 6.80 .0.

N 10 10 10 10 10

STD.DEY. 1.26 1.39 1.33 .25 .04

.oM C.i. 0.73 0.81 0.77 .15 .02

HELICOPTER: DAUPHIN TABLE 8.2.1

JEST DATE: 6-6--83

-.OPERATION: 500 FT FLYDYER(0.8WH)/TARGET A10120 ITS

MI, SITE: .

¶ ;R *N NO. SEL(OB) ALMOB) T(10-DB) K(A) a

611 85.6 78.9 A N NA
912 85.4 78.2 NA NA NA

1B3 94.9 77.8 NA NA HA
814 86 79.2 NA fA NA

SAVERAGE 85.50 76.50

N 4 4

STD.DEU. 0.46 0.64

90. C.1. 0.54 0.75



HELICOPTER: DAUPHIN TABLE B.1.1

TEST DATE: 6-6-83

OPERTION: 500 FT FLYOVER(O.9*VH)/TARGET IAS=135 KTS

?IC SITE: 5

RUN NO. SEL(DB) AL(M8) T(IO-0B) K(A) a

Al 87 78.3 NA NA NA
A2 88 79.1 NA HA NA
A3 NA NA NA NA NA
A4 90 80.7 NA NA NA
AS 85.7 76.8 NA NA NA
A6 96.4 76.6 NA NA NA
A7 86.4 75.1 NA NA NA
AB 85.9 76.4 NA NA NA
A9 86.5 '75.2 NA 1A NA

AIO 85.5 76 NA NA NA

IM. 1 187

90A% C. 6. 0.87 1.16

HELICOPTER: DAUPHIIN IABLE 8..2

TESI DATE: 6-6-83

VPENTOM: 500 FT FLYOVER(0.9fJH)/TARGET IAS=135 1(16

W N. SEL(DB) AL(DB) MO1-D9) K(A S

-Al 89I 81.1 9 7.3 .6
A2 99.5 91.2 10 7.3 .5
A3 87.3 80.5 9 7.1 .5

A4 90.1 82.9NA A
A5 86.5 79.1 12 6.9 .5
A6 86.3 79 10 7.3 .5
A7 86.5 78.9 13 6.8 .4
AS 86.4 79.3 10 7.1 .5
A9 86.2 78.7 13 6.7 .4

AIG 85.8 78.5 10 7.3 .

AVERA8E 87.20 79.90 10.70 7.10 .5

N to 10 9 9 9

610.0EV. 1.35 1.44 1.58 .24 .05

9V. C.1. 0.78 0.84 0,98 .15 .03
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APPENDIX B

Direct Read Acoustical Data and Duration
Factors for Flight Operatione

In addition to the magnetic recording systems, four direct-read, Type-i
noise measurement systems were deployed at selected sites during flight
operations. The data acquisition is described in Section 5.6.2.

These direct read systemn collected single event data consisting of
maximum A-weighted sound level (AL), Sound Exposure Level (SEL),
integration time (T), and equivalent sound level ("3Q). The SEL and dBA,
as well as the integration time were put into a computer data file and
analyzed to determine two figures of merit related to th_ event duration
influence on the SEL energy dose metric. The data reduction is further
described in Section 6.2.2; thv analysis of these data is discussed in
5action 9.4.

This appendix presents direct read data and contains the results of the
'helicopter noire duration effect analysis for flight operations. The
direct read acoustical data for static operations is presented in
3Appeudix r.

-ach table within this appendix provides the following information:

)nbi No. The test run number

SEL(dB) Sound Exr-.urc Level, eaprtused in decibels

AL(EB) A-Weighted Sound Level, expressed in decibels

T(10-dB) Integration time

r K(A) Propagation constant describing the change ir. dBA withr : " aistance

Ttime hilstory "shape factor"

""Average 1h1 average of the column

*4 Scuanle size

i.td Dsv Standard Deviation

. 902 C.I. Ninety percent confidence Interval

": Jc Site The centerline mircophone site at which the measurements
* were taken



TABLE NO. A.1-5.3

AEROSPATIALE SA-36N HELICOPTER (DAUPHIN) DOT/TSC
10/14/83

SUNARY NOISE LEMEL DATA

tS MAESURED I

SITE: 5 CENTERLINE - 190 K. EAST JUNE 6,1983

EV SEL ti SEL-ALA K(A) G EPHL PML& PNLT& K(P) OASPLm iUR(A) O•(P) TC
----- -- -- -- --- ------- ------ ---- ------ --

IMEOFF -- TARET IAS 7SKTS. 'T/O FROM HOVER)

-A7 97.7 93.3 4.4 5.9 0.5 103.1 106.4 108.9 5.7 95.4 5.5 5.5 2.5

97.4 92. 8 4.8 5.9 0.5 102.9 105.9 108.4 5.8 94.9 6.5 6.0 2.9

- 9 IA) 97.6 93.4 4.2 5.6 0.5 103.1 106.4 109.1 5.7 96.3 5.5 5.0 2.7

'$W 96.7 92.3 4.4 5.7 0.5 102.0 105.5 107.6 5.6 94.8 6.0 6.0 2.2

Avl. 974 92.9 4.4 5.8 0.5 102.8 106.1 bv8.5 5.7 95.4 5.9 5.6 2.6

tiI Dv 0.4 0.5 0.2 0.2 0.0 0.5 0.5 0.7 0.1 0.7 0.5 0.5 0.3

"I02 CI M.5 0.6 0.3 0.2 0.0 0.6 ý.5 0.8 0.1 0.8 0.6 0.6 0.4

;JNECF - TARGET lAS 75KT5. % /l FROM ORWNiN)

t41 94.2 91.4 4.9 5.S 0.4 101.5 103.4 106.5 6.2 92.6 7.0 6.5 3.1

".V42 95.3 90.3 5.0 6.1 0.,5 - 102.9 105.8 - 91.7 6.5 - 2.9

:t O 94.5 80.6 4.9 5.8 0.4 99.7 102.2 104.9 5.9 91.5 7.0 6.5 2.7
"M4 95.0 S9.2 5.9 692 0.4 100.3 101.2 104.7 6.1 90.2 9.0 8.5 3.5

r -p 94.4 86.9 5.6 6.2 0.5 10.6 101.9 103.9 6.5 90.2 9.0 7.5 3.0

. . 95.1 09.9 5.2 6.0 0.4 100.3 102.1 105.2 6.2 91.2 7.5 7.2 3.0

'*td D. 0.7 1.0 0.5 0.2 0.0 0.9 1.1 1.0 0.3 1.0 1.0 1.0 0.3

CI 0.7 1.0 0.4 0.? 0.0 1.0 1.0 1.0 0.3 1.0 1.0 1.1 0.3

DEPEE K11930401 -- t MVI AS M, S1.

. "' . 94.5 08.4 6.0 6.3 0.4 9.6 101.7 102.7 6.4 98.8 9.0 8.5 0.9

"l I, . 96.0 90.4 5.5 6.5 0.5 99.4 102.9 ,03.6 6.3 96.4 7.0 0.0 0.8

14 95.6 M9I. 5.5 6.0 0.4 99.6 103.2 104.3 5.? ?.S 9-0 8.0 1.1

" a... • ' 95.6 90.6 5.0 5.9 064 99.7 102.5 103.1 6, . 99.3 7 ,0 8.0 0.6

95. $9.4 5.7 6.3 0.5 99.2 103.1 104.1 5.! 100.0 0.0 7.5 0.9

. .&l: 95.3 8"9.1 5.5 $.2 0.5 991 102.7 103.6 6.2 99.3 7.6 8.0 0.9

SIt Dv 0.6 0.9 0.4 0.2 0.0 0.4 0.6 0.7 0.3 0.7 0.8 0.4 0.2

1 %. L CI 0.5 0.9 0.4 0.2 0.0 0.4 0.6 0.7 0.2 0.7 0.8 0.3 0.2

- W;GE INWIEXES CALCULATED USING EASIED DATA MICOMiCTED

M$08 TtM!Y$WE,WifIDIlTT,GNC AIWiRAT DEVIATION FR~qi REF FLIGHT IRM

, , .. .

* J 4M .if&I *fl.. -i ,* . . .



TAK~E NO. A.1-5.2

AEPOSPATIALE SA-36M HELICOPTER (DAIPHIN) DOT/TSC
10/14/93

S5JHIIARY NOISE LEVEL DAT6

AS REASURED *

SITE: 5 CENTERLINE - 188 M. EAST JUNE 6,1983

CV SEL ALs SEL-AL. K(A) 0 EPNI. PNLm PLTe, K(P) OASPIt DUR(A) DUR(P) TC

500 FT. FLYOVER -- TARSET IAS 135 K1S.

A3 U6.5 79.6 6.9 6.2 0.4 92.1 93.0 94.6 6.3 92.2 13.0 15.0 2.0
hi 69.0 62.3 6.7 7.0 0.5 94,,2 95.8 96.9 7.7 88.6 9.0 9.0 1.5
•A5 65.9 78.3 7.6 6.2 0.3 91.6 92.0 93.2 6.9 90.9 17.0 17.0 1.6
M6 65.6 76.6 7.0 6.6 0.5 91.1 92.4 93.7 6.9 89.4 10.5 11.5 1.5
A7 66.1 78.4 7.7 6.2 0.3 91.8 91.8 93.2 6.9 91.3 18.0 17.5 2.1
4AB 64.5 77.9 6.9 6.7 0.4 90.2 91.6 92.5 7.0 89.4 11.0 12.5 1.1

9 95.6 78.0 7.6 6.3 0.4 91.2 91.1 92.4 7.0 90.8 16.0 18.0 1.5
'410 64.6 77.6 7.0 6.8 0.5 90.1 91.0 92.1 7.2 87.5 11.0 13.0 1.7

4A4. U6.0 78.8 7.2 6.5 0.4 91.5 92.3 93.6 7.0 90.0 13.2 14.2 1.6
SM 1.4 1.5 0.4 0.3 0.1 1.3 1.5 1.6 0.4 1.6 3.4 3.2 0.3

- l 0.9 100 0.3 0.2 0.0 0.9 1.0 1.0 0.3 1.0 2.3 2.2 0.2

W500 FT. FLYOMER - TARGET lIS 120 KTS.

9'311 84.8 77.5 7.3 7.0 0.5 89.3 91.2 92.5 6.5 87.7 11.0 11.5 1.5
612 64.4 77.0 7.4 6.9 0.5 89.0 90.3 91.6 7.1 87.0 11.5 11.0 1.2
A13 64.2 76.8 7.4 6.9 0.5 88.7 89.9 90.9 7.1 86.6 12.0 12.5 1.2
3114 64.9 78.1 6.6 6.5 0.4 89.9 91.5 92.9 7.0 W7.1 11.0 10.0 1.4

S ... . 6".6 77.4 7.2 6.8 0.5 09.2 90.7 92.0 6.9 87.1 11.4 11.2 1.3"•D• v 0.3 0.6 0.3 0.2 0.0 0.5 0.7 0.9 0.3 0.5 0.5 1.0 0.2
0CI 0.4 0.7 0.3 0.2 3.0 0.6 0.9 1.0 0.3 0.5 0.6 1.2 0.2

40 FT. FLYOVP. -- TARGET IAS 105 KTS.

41C. S #4.4 76.7 7.7 6.9 0.5 87.0 89.5 91.8 6.8 95.0 13.0 11.5 2.2
•16 84.5 77.0 7.5 6.9 0.5 88.7 90.0 90.9 7.1 86.6 12.5 12.5 0.9

17 $4.4 76.7 7.8 7.0 0.5 89.0 89.5 91.1 7.2 96.4 13.0 12.5 1.6
1.CB 94.4 76.7 7.7 6.9 0.5 08.6 89.7 90M7 7.2 87.0 13.0 12.5 1.2

t4':ll 44 6 77.1 7.4 6.7 0.4 08.9 90.1 91.0 7.2 86.4 13.0 12.0 1.6
6i'fW .84.3 76.4 7.9 7.1 0.5 08.6 89.5 90.7 7. 3 8S.2 13.0 12.5 1.3

64.4 76.8 7.7 6.9 0.5 98.8 89.7 91.0 7.1 86.3 12.9 12.2 1.5
Dv 0.1 0.3 0.2 . 0.0 .2 0.3 0.4 0.2 0.7 0.2 0.4 0.5"•t0 Cl 0.1 0.2 0.1 o0.1 V.0 0.1 0.2 0,3 0.2 0.6 0.2 0.3 0.4

,. ... - o T. F,.Y0iJEt -- TAIRET |AS 135 UiTS.

" "1.5 71.4 9.1 7.0 0.4 85.3 84.1 86.1 6.9 34.1 19.5 21.5 2.2
', 22 00.1 71.3 6.8 7.0 0.4 84.7 83.9 85.1 7.1 83.4 18.0 23.0 1.2

~D3 90.8 72.6 9.1 6.? 0.4 85.7 85.1 86.8 6.9 84.0 15.0 19.0 1.8
MI 9 0.4 70.t 9.6 7.4 0.5 fi5.1 83.6 84.9 7.4 82.5 19.5 24.0 1.4

61.0 72.6 8.4 7.2 0.5 85.9 85.3 87.0 7.2 83.8 15.0 17.0 1.7
17

A .. 1.6 71.8 8.8 7.1 0.4 85.4 84.5 86.0 7,1 83.6 M7.4 20.9 1.7
D" U• 0.3 0.8 0.6 0.2 0.0 0.5 0.7 1.0 0.2 0.6 2.3 2.9 0.4

0•0 CI 0.3 0.8 0.5 0.2 0.0 0.4 0.7 0.9 0.2 0.6 2.2 2.7 0.4

• A0161 INDEXMS CALC.,ATED USINiG MEASURED DATAI UHCORRECTED
OR3 TE.M-RAlURE,HMSIDI7Y,OR AIRCRAFT DEVIATION FROII REF FLIGHT TRACK

A.i



TABLE NO. A.1-5ou

AERSPATIALE SA-3W HELICOPTER (DIJIN) DOT/TSC
10/14/83

SMMARY NOISE LEVEL DATA

AS MEASURED *

SITE: 5 CEiERLINE - 188 N. EAST JUE 6r,93

1V SE.L AL SEL-Ab. KiA) 0 EPL__ P•,L PiILT& K(P) OASPL O•tA) DURMP) TC

6 DEGREE iIIUMC -- TABEI IAS 75 KTS. (ICA,)

F3 90.6 84.7 5.9 6.5 0.5 95.4 98.6 9.4 6.7 93.2 8.0 8.0 0.7
F36 92.3 96.1 6.2 6.2 0.4 96.4 99.6 100.6 6.1 96.1 10.0 9.0 1.0

-46 iY4.5 86.2 6.3 6.1 0.4 ".5 101.7 102.4 6.0 97.7 10.5 10.0 0.8
-'147 95.1 99.3 5.8 6.1 0.4 98.4 100.6 102.2 6.5 96.2 9.0 9.0 1.6

F48 94.6 08.2 6.4 6.7 0.5 98.9 101.8 102.9 6.1 98.4 9.0 9.5 1.1
.,9 5.0 98.0 7.0 7.0 0.5 9".1 101.9 102.8 6.6 9".2 10.0 9.0 1.1
jWO 95.7 99.3 6.4 6.4 0.4 9.1 102.0 103.0 6.3 98.6 10.0 9.0 1.0
f+- S 94.0 1.2 7.8 7.1 0.5 98.3 100.0 101.2 6.6 96.2 12.5 12.0 1.2

'sy,. 94.0 8.7.5 6.5 6.5 0.5 9.0 100.8 101.8 6.4 96.8 9.9 9.4 1.1
UN UV &.,f , .: i .0 0.4 0.0 1.4 1.3 i.i o,,4 i.9 ,,3 i,2 0.3

1iZ CI 1.1 1,1 0.4 0.3 0.0 0.9 0.9 0.9 0.2 1.2 0.9 0.8 0.2

"T FT -- TAMEN lAS 75 KTS. (ICAO)

:+ 26 95.3 69.3 5.9 6.2 0.4 100.4 101.1 104.8 6.0 69.9 9.0 8.5 3.7
* E7 9.4 6. .0 62 04 100.0 100.9 104.2 6.0 9.2 9.5 9.0 3.3

4 • 4.5 09.6 5.9 6.0 0.4 9.8 101.2 104.5 41 99.5 9.5 7.5 3.4
9 94.1 W7.9 6.2 6.3 0.4 99.6 9.8 103.3 6.3 09.9 9.5 10.0 3.5
94. M1 '5.3 5.9 0.4 100.6 101.4 104.9 5.9 9. 9.5 9.0 3.5

a3t P4.3 98.0 6.2 6.1 0.4 99.9 100.2 103.8 6.2 8B.7 10.5 9.5 3.6
NO DATA

"", , 33 94.? 99.1 5.5 6.0 0.4 100.4 101.7 104.9 6,0 90.1 9.0 8.5 3.2

:* 1. 94.6 68.6 6.0 6. 0.4 100.1 100.9 104.3 6.1 89.4 9.5 6.9 3.5
""Od D 6 0.4 0.6 0.2 0.1 0.0 0.4 0.7 0.6 0.1 0.5 0.5 0.9 0.2

". •9, l 0.3 0.4 0.1 0.1 0.0 0.3 0.5 0.4 0.1 0.4 0.4 0.6 0.1

N- OISE IMM-2 CALiATED iSIN0 NEAMW1 DATA WIECTED
FOR T1EN'•RAIU,8iXIDIY,0R AIRUIMF" DEVIATION FRINI REF FLIO6T Uah

-.- --.-



TABLE MD. A.1-4.3

AEROSPATIALE SA-365H HELICOPTER (DAUPHIN) DOT/TSC
10/14/83

SLWIIAY NOISE LEVEL DATA

AS NEASWJRED *

SITEs 4 CENTERLIIE - 150 N. VEST Jid 6,1983

yV SEL ALM SEL-ALm K(A) a EPNL PHL PNLT. K(P) OASPL& DMR(A) DUR(P) TC

TEOIFF -- TAW8E IAS 75 Mi. (T/O FRON HOVER)

SA37 92.9 87.1 5.8 6.2 0.4 97.9 100.0 102.5 6.0 89.0 8.5 9.0 2.5
GA38 93.3 88.0 5.3 5.9 0.4 98.3 100.5 103.4 5.8 89.1 8.0 7.0 2.9
00 92.5 86.4 6.1 6.4 0.4 97.7 99.8 101.9 6.1 89.1 9.0 9.0 2.0
*W4 91.9 95.5 6.4 6.5 0.5 97.1 98.6 101.1 6.2 87.2 9.5 9.5 2.5

Avg. 92.6 86.8 549 6.2 0.4 97.8 99.7 102.2 6.0 88.6 8.7 8.4 2.5
9td Dv 0.6 1.0 0.4 0.3 0.0 0.5 0.8 1.0 0.2 1.0 0.6 1.1 0.4

SD0 Ci 0.7 1.2 0.5 0.3 0.0 0.6 1.0 1.2 0.2 1.1 0.8 1.3 0.5
V. I

TAIEFF -- TAW IAS 75 KTS. (T/G FRGI R ON U )

211 91.1 83.7 7.4 6.7 0.4 95.8 95.6 98.8 6.7 64.6 13.0 11.0 3.5
j.,4`042 91.5 84.3 7.2 6.6 0.4 96.2 96.1 99.4 6.4 65.1 12.5 11.5 3.4
-!G43 90.4 63.1 7.3 6.5 0.4 95.2 94.9 9".4 6.6 84.4 13.0 10.5 3.5

W"44 "0.3 82.3 8.0 6.9 0.4 94.7 94.2 97.2 7.1 83.3 14.5 il.0 3.0
5M45 "J1 82.4 7.8 6.5 0.4 94.5 93.6 97.0 6.9 83.3 15.5 12.5 3.5

S.-. g. 90.7 P3.1 7.5 6.6 0.4 95.3 94.9 90.2 6.7 94.1 13.7 11.3 3.4
" J " PW P- 0.6 V0.9 0.4 0.2 0.0 0.7 1.0 1.0 0.3 0.8 1.3 0.8 0.2

*l G~ ~ zC .6 .0. 0.3 0.2 0.0 0.7 1.0 1.0 0.3 0.7 1.2 0. 0.?

"7 .'AK #MUIREtPDO4.M ETWOIAS 75 KYS.

93.12 63.1 .8 66 .3 7.5 0.5 96.5 9M.1 9.1 6.9 95.0 12.5 12.0 1.0
6 6. 79.6 9.4 7,7 0.5 97.4 92.1 93.0 7.8 93.2 16.5 16.0 0.9
0 -9.3 00.3 9.0 7.6 0.5 92.6 93.1 94.1 7.3 92.8 15.5 15.0 0.9

) fi91.3 V.3 0.o 6.9 0.4 ".2 97.0 98.2 6.6 93.7 14.5 12.0 1.1
l ".0 90.0 ?0. 9.2 7.3 0.5 M3.V 94.6 95.7 7.1 91.9 18.0 14.0 1.1

F',gk. 90,5 01.8 8.8 7.4 0.5 94.1 ".. 96.0 7,1 93.3 15.4 13.8 1.0
i lt Dv 1.7 2.2 0,6 0.3 0.0 1.0 2.5 2.6 0.5 1.1 2.1 1.8 0.1

S90Z CI 1.6 2.1 0.6 0.3 0.0 1.7 2.4 2.5 0.4 1.1 2.0 1.7 0.1

* -$ISE IMMEE CALULMATED MCIND ffAM)RE DATA UWCOMCTED
M.TCUATIME.NWO• .M ITYOR AIRCRAFT PEVIATIWA FROM RE FLIOHT TRA

1.,



"TABLE NO. A.1-4.2

AEROSPA3IALE SA365N HELICtOPTER (DNPHIN) OOT/TSC
10/14/83

SUNIMARY NOISE LEVEL DATA
AS MIEASUJRED 4

SITEM 4 CENTERLINE - 150 N. WEST JUNE 6,198M

EY SEL ALo SEL-AL. K(A) 9 EPNL PNLB PHLT% K(P) OASPL DUR(A) DURMP) TC

500 FT. FLYOVER -- TAMGET IAS 135 KTS.

A3 95.2 78.5 6.7 6.5 0.4 90.2 91.9 93.5 6.3 90.7 10.5 11.5 1.7
M 87.7 60,9 6.8 6.9 0.5 92.9 94.5 96.2 7.0 89.0 9.5 9.0 2.1
A5 84.9 77.5 7.4 6.6 0.4 90.1 90.9 92.7 6.6 90.5 13.0 13.5 2.0
A6 84. 77.4 7.2 7.0 0.5 89.6 91.1 92.3 7.0 88.4 10.5 11.0 1.6
A7 84.6 77.1 7.5 6.6 0.4 90.0 90.5 91.7 7.0 89.7 13.5 15.0 1.4
AS 84.4 76.9 7.5 7.1 0.5 89.6 90.6 92.2 6.9 89.4 11.5 12.0 1.8
A? 84.3 77.1 7.2 6.7 0.4 89.4 90.4 91.7 6.9 89.5 12.0 13.5 1.7
A10 84.0 76.7 7.3 7.0 0.5 89.3 90.2 91.4 7.3 87.7 11.0 12.0 1.3

mI. 84.9 77.8 7.2 6.8 0.5 90.1 91.3 92.7 6.9 89.2 11.4 12.2 1.7
"St" 1.2 1.4 0.3 0.2 0.0 1.2 1.4 1.6 0.3 1.1 1.3 1.8 0.3

S90Z CI 0.8 0.9 0.2 0.1 00 0.8 0.9 1.0 0.2 0.7 0.9 1.2 0.2

500 FT. FLYOME -- TARGET IAS 120 KTS.

\*1! 83.5 76.4 7.1 6.8 0.5 87.6 89.7 90,7 6.6 86.2 11.0 11.0 1.0
",412 13.7 76.4 7.3 7.0 0.5 88.4 89.8 91.1 7.1 96.3 11.0 11.0 1.1

"'1•3 83.5 76.4 7.1 6.8 0.5 87.6 89.4 90.7 6.7 86.0 11.0 10.5 1.4
.414 63.7 76.7 7.1 6.9 0.5 98.5 90.0 91.2 7.1 85.5 10.5 10.5 1.6

40"- 04-6 76.5 7.! 6M 0.5 934) 89.7 90.9 6.9 86") 10.? 10.7 1.3
w1tIv 0.1 0.1 0.1 0.1 0.0 0.5- 0.3 0.3 0.3 0.3 0.2 0.3 0.2

2 C1 0.2 0.2 0.1 0.1 0.0 0.6 0.3 0.3 0.3 0.4 0.3 0.3 0.3

500 FT. FLYOVE - TAOET IAS 105 KIS.

A.. 415 03.6 75.5 8.0 7.0 0.5 r.9 88.7 90.3 7.0 84.1 14.0 12.0 1.6
* ,,16 03.7 75.9 7.9 7.1 0.M 37.8 08.8 89.7 7.4 86.0 12.5 12.5 0.9

f.17 03.4 75.7 7.7 6.9 0.5 87.7 98.7 89.9 7.2 85.1 13.0 12.0 1.2
8i 1 -3.6 75.4 8.2 7.1 0.5 87.5 98.0 89,4 7.3 86.1 14.0 12.5 1.5

- 19 03.7 76.3 7.4 6.9 0.5 98.0 89.2 90.4 7.0 86.0 12.0 12.0 1.1920 03.7 76.1 7.7 7.0 0.5 87.9 09.0 90.4 6.8 86.4 12.5 12.5 1.4

9i3n. 0.6 75.9 7.8 7.0 0.5 87.8 68.7 90.0 71 85.6 13.0 12.2 1.3
A 61 0.3 03 0.1 0.0 049 ftA %.4 0.2 0. 0.8 0.3 0.

90Z CI 0.1 0.3 0.2 0.1 0.0 0.1 0.3 0.3 0.2 0.7 0.7 0.2 0.2

S. ., •4000 FT. FLYUM -ý TARGET IAS 135 KTS.

S021 80.1 71.1 9.0 7.2 0.4 84.6 83.0 85.5 7.3 82.9 18.0 18.0 2.3
f"".422 -79.6 69.9 9.8 7.5 0.5 03.9 82.8 83.9 7.4 93.2 20.0 22.0 1.5

SJE23 79.6 72.0 7.9 6.6 0.4 84.3 84.1 96.3 6.6 82.7 15.0 16.5 2.2
,- 024 80.0 69.8 10.2 7.0 0.5 04.6 63.1 85.1 7.3 82.7 20.5 20.0 2.3
.: 25 80.3 72.5 7.8 6.7 0.4 84.8 84.1 86.4 7.1 62.7 14.5 15.5 2.7

i,*l.... 0.0 71.1 6.9 7.1 0.4 84.4 93.6 95.4 7.1 82.9 17.6 18.4 2.2

X C. 0.3 1.2 1.1 0.5 0.0 0.4 0.6 1.0 0.3 0.2 2.6 2.6 0.4

-NOISE INDEXES IALCULATED USING ifASMID DATA UNCORREC1ED
-•:., .+J, FR TDI.+ WUI0ITY,OR AIRCRAFT DEV1ATION FMMOI RE! FIIGHI TRAK



TAKLE NO. A.1-4.1

AEROSPATIALE SA-3651 HELICOPTER (DAU)PHIN) DOTITSC
10114183

SUINMAY NOISE LEVEL DATA

AS NEAStEED*

SITE: 4 CENTERLINE - 150 N. VEST mi~ 6,19M3

EU SEL Ate SEL-Al-m K(A) o EPHI PHI.. PNiL. K(P) OASPtu DUR(A DUR(P TC

6 DEGREE APRUACH -- lARGET lAS 75 KTS. (ICAO)

F35 92.3 67.1 5.2 5.7 0.4 95.6 98.9 99.9 6.3 95.4 8.0 8.5 0.9
-F6 08.6 80.7 6.1 7.5 0.5 92.6 93.8 95.0 7.1 92.4 12.0 12.0 1.2
F46 90.8 63.1 7.6 6.9 0.4 94.8 96.5 97.8 6.6 92.7 13.0 11.5 1.3
-;47 92.1 04.1 8.0 6.9 0.4 95.0 97.5 98.9 6.5 93.9 14.0 12.0 1.3
F%6 92.4 14.2 8.2 7.2 0.5 96.2 97.7 99.0 6.7 94.1 14.0 12.0 1.3
...49 92.7 84.7 8.1 7.0 0.5 96.5 98.3 99.4 6.5 94.7 14.0 12.5 1.2

50 92.5 84.1 8.4 6.7 0.4 96.0 96.7 97.8 7.4 93.6 17.5 13.0 1.

$51 92.6 05.9 6.8 6.5 0.4 96.3 98.5 "9.8 6.3 95.4 11.5 11.0 1.3

.. ~.*. ~ v. 91.8 84.3 7.5 .9 04 95.5 97.2 98.4 6.7 94.0 13.0 11.6 1.2
sw Dv 1.4 1.9 1.1 05 1S1.3 i. .6 0.4 1.1 2.7 1.4 0.1
r..? C. OS .9 1.3 0.4 0.4 0.0 0.9 1.1 1.1 0.3 0.8 1.6 0.9 0.1

-TKirF-- TARGET IAS 75 ETS. (IMAD

*!,b 92.4 05.1 7.3 7.0 0.5 97.0 97.0 99.9 6.9 66.9 11.0 10.5 2.9
':27 91.6 83.5 6.1 7.0 0.4 96.4 95.9 9".3 6.9 84.0 14.5 11.0 3.6

m~12 91.8 64.0 7.6 6.6 0.4 97.0 96.9 99.6 6.Y' 64.1 14.0 13.0 3.0
" "I9.9 62.9 7.9 6.9 0.4 95.8 95.1 96.3 6.6 83.6 14.5 13.5 3.1

ýM0 91.5 84.2 7.2 4.7 0.4 96.5 96.6 99.7 6.5 64.7 12.0 11.0 3.1
1-j31 91.0 62.3 6.7 7.6 0.5 95.9 94.7 97.7 7.3 83.0 14.0 13.5 2.9
W3 91.0 930O L1O 7.2 0.5.3 935.9 94.7 91,9 7.1 03.4 13.0 13.0 3.4

3Z 91.3 64.3 7.0 4.3 0.4 96.2 96.6 99.7 5.9 84.9 13.0 12.5 3.4

91.4 93.7 7.6 6.9 0.5 94.3 95.9 9".0 6.7 64.3 13.2 12.2 3.2
cAt v05 .0.9 0.6 0.4 0.0 0.5 1.0 0.9 0.4 1.2 1. 12 03

NOZC pa 06 0.4 0.3 0.0 0.3 0.6 0.6 0.3 0.9 0.8 0.6 0.2

rAOISJE IlEICIS CMSALThI USUM KA W) DATA WaNORECTS RC
-- O vTOysTIuI YAP AIRCRM' DEVIAlIWI FAWN REV LGT RC



TAKE NO. A.1-3.3

AEIO9ATIALE SA-36 HELICWTER (IDMIP1N) DOT/TSC
10/14/83

SIMWT NOISE LEYEL DATA

AS MEASEDf

SIT: 3 SIDELINE - 150 K. NORTH JUE 6,1983

IE SE1 Mis SEL-AL. K(A) 0 EVIL P•Ls. PILTm K(P) OASPL 0() DUR(P) TC

TME•'F -- TiM IAS 75 KTS. (T/8 FROt MIOME)

4A3 64.0 76.6 7.3 6.7 0.4 9B.1 69.2 91.1 6.3 66.7 12.5 12.5 2.0
-4101 0.5 75.2 6.3 7.1 0.5 67.5 8B.4 89.3 7.1 86.5 14.5 14.5 0.9

MWA,1 63.2 76.1 7.1 6.9 0.5 67.4 06.3 90.6 6.6 86.4 10.5 10.0 2.7
AMO 0.6 76.7 7.1 6.5 0.4 09.1 69.4 91.6 5.9 06.3 12.5 12.0 2.4

:iýhq. 03.6 76.2 7.5 6.6 0.4 87.8 8.8 90.7 6.5 66.4 12.5 12.2 2.0
JOt O, 0.3 0.7 0.6 0.3 0.0 0.4 0.6 111 0.5 0.2 1.6 1.8 0.8

.C1, 0.4 0.8 0.7 0.3 0.0 0.5 0.6 1.3 0.6 0.2 1.9 2.2 0.9

SMF•M -- TAIBE INA 75 KTS. (T/O FRON IINOW)

.1041 N5.6 78.3 7.3 6.7 0.4 89.8 99.5 92.4 6.7 87.7 12.5 12.5 3.0
1 1342 64.9 77.2 7.7 6.6 0.4 89.1 69.0 91.6 6.7 08.6 14.5 13.0 3.1

1343 L 5.9 77.9 6.0 6.4 0.3 90.3 89.3 93.0 6.0 P7.6 16.0 17.0 3.7
844 15,7 71.1 7.7 6.6 9.4 6.8 69.4 92.5 6.3 W7.9 14.5 14.0 3.9

A,*%145 15. 79.3 7.4 6.4 0.4 19.9 89.6 93.4 5.9 68.5 14.5 13.0 3.8

, 05.4 73.0 7.6 6.5 0.4 "9.3 19.4 92.6 6.3 06.1 14.0 13.9 3.5
0, • IU 9s 0.4 .4 '0.63 0.1 0.0 0.4 0.2 0.7 0.4 0.4 2.0 1.8 0.4

:-A2 Cl 0.4 .0.4 1.2 4.1 0.0 0.4 0.2 0.6 0.4 0.4 1.9 1.7 0.4

- "M•- ltPM0i -• •M IN 75IKTS.

110 92.4 63.6 8.$ 7.6 0.5 95.9 96.9 97.9 7.2 94.0 14.5 13.0 1.4
WI U 0.1 I1.2 1.9 7.2 0.4 93.5 93.6 94.6 7.1 92.6 17.5 16.5 1.2

_LP4 00.6 02.2 7.6 6.9 0.4 94.2 95.2 96.4 7.3 92.6 13.5 12.0 1.2
R 91.7 63.7 6.0 7.1 0.5 95.5 96.4 97.9 7.1 94.1 13.5 11.5 1.6

S91.9 .8 6.1 6.8 0.4 95.6 96.4 96.1 7.1 9 15.5 11.0 1.9

&q" . 91.3 03.0 3.3 7.1 0.5 94.9 95.7 97.0 7.2 93.4 14.9 12.8 1.4
., l, bw 1.0 1.1 0.5 0.3 0.0 1.0 1.3 1.4 0.1 0.8 1.7 2.2 0.3
. .Z Cl 0M? 1.0 0.5 0.3 91.0 1.0 1.2 1.4 0.1 0.7 1.6 2.1 0.3

--*INi9 ImCEs CMJULATOD Uolv MBEASURE DATA w3omeni
M ~A1," l~HI5IDTf,(3 AIRMrnT DEVIATION FRON WE FLIONT TIMC



TABLE NO. A.1-3.2

ABROSAT)iME SA-365N HELICOPTER (DA!WIIN) DOTITSC
10/14/83

SU!IAWY NOISE LE'JEL DATA

AS HEASLEED *

SITEs 3 SIDELINE - 150 N. NORTH ME trim8

EY ORl AL., SEL-ALS K(A) 0 EPII. Mtn. PHLl. K(P) OASPLO DUM(A) BMWR() TC

N00 FT. FLYOVER -- TARGET JAS 135 ICTS.

A3 95.4 78.3 7.0 6.5 0.4 90.6 91.6 92.9 6.9 93.3 12.0 13.0 1.3
M4 15.5 78.1 6.7 6.9 0.5 91.0 92.1 94.1 7.0 91.5 9.5 9.5 2.2
A5 05.4 76.2 7.2 6.6 0.4 90.5 91.6 92.9 6.8 93.6 12.0 13.0 1.3

AA 03.4 76.2 7 '2 6.9 0.5 99.7 89.9 91.6 7.0 89.7 11.0 10.5 1.9
A7 15.6 78.7 6.*9 6.6 0.4 90.7 92.2 93.3 6.8 93.6 11.0 12.0 1.5
AS 13.3 76.3 7.0 6.7 0.5 88.4 99.9 91.7 6.5 89.7 11.0 11.5 2.1
A9 95.4 78.5 6.? 6.5 0.4 MI. 11.9 93.0 6.8 93.1 11.5 13.0 1.2
A10 03.3 76.1 7.2 6.0 0.5 68.5 99.7 91.6 6.6 98.8 11.5 11.0 1.8

*..$. 76 70 6.7 0.5 99.9 91.1 92.6 6.8 91.7 11.2 11.7 1.7
0.UD . . .2 0.1 0.0 1.1 1.1 0.9 0.2 2.0 0.8 1.3 0.4

901 CI 0.7 0.8 0.1 0.1 0.0 0.7 0.7 0.6 0.1 1.4 0.5 0.9 0.3

.0O0 .FLYM-- TWOE IAS120 K7S.

3211 03.8 76.0 7.9 6.9 0.4 88.4 89.1 90.0 7.2 09.6 13.5 14.5 0.9
s 2 05.0 75.7 7.7 6.8 0.4 87.9 868.5 99.6 7.3 86.0 13.5 13.5 1.4

0L 4.0 76.3 7.8 6.9 0.4 88.7 89.4 "0.3 7.3 9. 35 1. .0f34 .3 76.1 7.2 6.7 Me 90=2 M.0 1.0 A !'4 13.5 14.5 20.

83.5 75.9 7.6 6.8 0.4 980.3 99.0 90.2 7.2 88.0 13.1 13.5 1.3
,.DY 0.5 0.4 0.3 0.1 0.0 0.3 0.4 0.3 0.2 1.9 0.7 1. 0.5

M0 CI 9.5 0.5 0.3 0.1 0.0 0.4 0.4 0.6 -0.2 2.2 0.9 1.7 0.6

-500 FT. FLYOUE - TARGE lAS 105 KTS.

<1 kC15 03.8 75.9 7.9 6.8 0.4 U8.5 08.7 90.3 7.0 90.? 14.5 15.0 1.6
M~6 12.9 74.4 8.5 6.6 974 .4 V7.4 98.4 7.3 82.1 19.0 16.5 0.9

~ i 91 :16.4 7.7 4.9 0.5 09.6 99.3 69.9 7.1 '69.4 13.0 17.0 0.6
NVI 8.7 6. 69 60 .3 08. 0.2 91.4 62 83.9 14.0 13.5 3.

4C19 94.1 76.4 7.7 6.9 0.5 980.7 "94 9.2 7.2 99.1 13.0 15.5 0.8
.ý 120 43.7 75.3 0.4 6.7 0.4 68. 18. 99.5 7.2 84.2 17.5 15.5 1.1

83. 75g 'sf 6.7 O.""a.837 7~ ~ 04g." nM6 69.9 7.0 86.3 15.0 15.5 1.4
0.4 0.? 06 0. 0.0 0.5 0.7 1.0 0.4 *3.2 2.2 1.2 1.010.4 .7 0.5 0.3 0.0 0.4 0.6 0.0 0.3 2.6 1.8 1.0 0.9

4M00 FT. FLYMUR TWRGE IAS 135 KTS.
91. 73.5 8.1 7.0 0.5 95.2 85A 86.8 6.7 86.7 14.0 17.5 2.1

'M .0 74.0 7.1 6.2 0.4 85.1 84.5 86.7 6.8 86.6 13.5 17.0 2.3
*~ 1.6 73.0 0.7 7.2 0.5 95.8 84.9 86.9 7.1 P3 16.0 18.5 1.9

114 UL .9 72.2 8.8 7.1 0.4 85.5 84.1 95.5 7.5 56.9 17.0 22.0 1.7
~35 00.6 71.0 9.6 7.3 0.4 05.2 93.8 95.7 7.2 86.0 20.5 21.0 2.1

81.1 72. 1.04 7.0 0:4 15.4 84.5 06:3 7:1 96.7 16:2 19.2 2.0
90yC 0.4 1.21.0. 0.4 0.0 0.3 0.5 0.6 0.3 0.5 2.7 2.1 0.2

SK -J IM IO S CALCULATED USINS MEASMW DATA UNCRRECTED
~~~~~11~~ M WITY90M iICWT WEIATION VIFl1EVFISOTRI



TAKLE No. A.1-3.1

AEROWATIALE SA365N HELICOPTER (DAUHIN) COTITSC
10114/93

SWWAR NOISE LEVEL DATA

Aro IEASMED *

SITE: 3 SIDELINE - 150 Nt. NORTH NiN 6,1M9

EU SEt. Aa SEL-AL. K(A) 9 EPN PtA.. PMT& K(P) OASI1m 9(3(A DURiP IC

'6 DEGREE APPROACH -- TARGET lAS 75 (19. (lEAD)

fl5 981.2 78.9 9.4 7.5 0.5 91.7 92.0 93.3 7.0 92.4 18.0 16.0 1,3
476 92.4 85.2 7.2 7.1 0.5 96.2 97.9 99.0 7.2 96.0 10.5 10.0 1.1
146 93.5 95.1 9.4 7.1 0.5 97.1 97.4 9M. 6.9 93V, 15.0 14.5 1.7

-. F47 92.8 84.6 6.2 7.0 0.5 96.1 96.5 98.0 7.1 92.7 14.5 14.0 1.4
14I% 92.3 83.5 8.9 7.5 0.5 95.8 96.1 97.0 7.5 92.7 15.5 15.0 0.9
$45' 92.7 83.9 6.8 7.1 0.4 96.2 96.2 98.3 6,9 92.1 17.0 14.0 2.1

*F50 91.2 82.2 6.9 6.9 0.4 94.4 95.2 96.1 7.0 91.6 19.5 15.5 1.0
F51 91.2 132.5 8.7 7.1 0.4 95.2 94.9 97.0 7.0 71.4 17.0 15.0 2.0

'.v. 91.8 83.2 6.5 7.2 0.5 95.3 95.8 97.2 7.1 92.8 15.9 14.2 1.4
lk 9 11 As A l aI aft 1 7 1 0 10 a 1 A ~ I k 17 1 0 A K

IAUNFIK - TARGET IAS 75 1(16. (1M)

--126 95.8 77.6 6.0 6.6 0.4 69.6 69.6 91.6 6.6 08.6 16.0 165.0a 2.1
E27 33.7 74.5 9.2 7.2 0.4 98.0 87.2 89.0 6.8 88.-2 18.5 21.0 1.8

_A 4.2 76.0 9.1 6 7 0.4 86.5 98B.1 90.7 6.5 8. 50 1. .
J%2 24.2 75.5 6.6 7.0 0.4 08.5 87.9 90.0 4.8 98.1 17.0 17.5 2.2

110 3.6 75.2 6.6 7.3 0.5 98.3 87.7 99.9 6.6 87.9 15.0 16.5 3.1
.31 04.4 75.2 9.2 7.5 0.5 99.3 87.6 69.5 7.3 98.1 16.5 16.0 2.0
8&.3 77.0 7. 6 lA .4 0.41 18.0 00.179113 0.0 8.7r 14v.0 15.5j 2.6

gi 4.4 77.1 7.5 6.7 0.4 98.8 89.8 91.1 6.7 89.4 13.0 14.0 2.1

* M 8. 76.1 6.3 7.0 0.4 98.6 88.3 90.4 6.7 88.3 15.6 16.5 2.3
WUt D9 0.t 1.1 0.7 0.4 0.0 0.5 1.0 0.9 0.3 0.5 1.7 2. 04
4qCI 0.4 0.6 0.5 0.2 0.0 0.3 0.6 0.6 0.2 0.4 1.2 1.4 0.3

*rNOISE INDEXES CAWJLATED USING NESMU DATA UNCORRECTED)

* ,, WJFRTW .uysR~q,HwmIDTYIoR AIR~rWT DEImION FRoII REV FLIGH TRAC



TABLE NO. A.1-2.3

MEROSPATIALE SA-3631 HELICOPTER (DAUPHIN) DOT/ISC
10/14/83

SUMIAY NOISE LEVEL DATA

AS NEASIMED

SITEs 2 SIDELINIE - 150 N. SOUTH AWE 6,1983

Ev SEL A~s SEL-ALs IY(A 9 Liii PM.. PHITs KiP) DA~SH D(3(A DUR(P IC
- -- -------- ------------ ---- - -

INETA& -- TAMS~ lAS 75 K~TS 41/0 FRUt HOM)

'MNO DATA"'

1ý IA TMT3M1 YS. I1/G FROM GOU~ND)

*"NO DATA'"

1 DU~ IPUI -IPOT* IA4 75 KIS.

r '#1"M DATA'0



MTALE NO. A.1-2.2

AERDSPATIALE SA-365H HELICOPTER (DUPHIN) DOT/TSC
10/13/83

SUIJARY NOISE LEJEL DATA

AS MEAWSIRED

SITE: 2 SIDELINI - 150 N. S•TH JMinE 6,19b3

E' SEL Mi SEL-ALa K(A) 9 EPIL PNL. PIT.T K(P) OASPI& DlEI(A) DUflP) TC

50 FT. FLYMJ -- TRGET Is 15 KTS.

A3 65.4 78.9 6.5 6.6 0.5 91.3 92.6 94.4 6.6 91.6 9.5 11.0 2.1
M 68.6 81.1 7.5 7.4 0.5 93.7 94.7 96.1 7.3 96.4 10.5 11.0 1.6
A5 84.5 77.2 7.2 7.0 0M5 90.3 90.7 92.7 6.7 91.6 11.0 13.5 1.9
*A 86.2 79.1 7.1 6.8 0.5 90.9 91.9 93.1 7.2 94.6 11.0 12.0 1.2
#7 64.8 77.2 7.6 6.8 0.4 - 9.8 92.3 - 91.5 13.5 - 1.5

S '36.3 79.4 6.9 6.6 0.4 91.2 92.2 93.4 7.1 95.0 11.0 12.5 1.1
M 84.6 76.9 7.6 7.0 0.5 - 9.7 92.2 - 91.0 12.5 - 1.5
A10 06.1 79.0 7.1 6.8 0.5 91.2 92.4 93.7 7.0 94.4 11.0 12.0 1.3

S 5. 9.3 78.6 7.2 6.9 0.5 91.4 92.0 93.5 7.0 93.3 11.2 12.0 1.5
Dy 1.4 1.4 0.4 0.2 0.0 1.2 1.3 1.3 0.3 2.1 1.2 0.9 0.4

98 CI 0.9 0.9 0.3 0.2 0.0 1.0 0,9 0.9 0.2 1.4 0.8 0.8 0.2

500 FT. PLYtR -- TMkT lAS 120 KTS.

b81 83.8 76.7 7.2 6.9 0.5 89.0 89.5 91.3 7.1 87.1 11.5 12.0 1.7
$1.2 8.8 77.0 7.8 7.0 9.5 89.1 89.9 91.0 7.3 91.7 13.0 13.0 1.2

513 83.6 75.6 8.1 7.1 0.5 96.8 68.7 90.1 7.5 06.7 13.5 14,0 1.3
•14 65,.5 77.7 7.8 7.1 0.5 9.5 91.1 92.3 7.4 92.6 12.5 12.5 1.1

M, 4.. 7'., 7.7 7.0 0.5 9.3 SM 91.2 7.4 •.5 12.6 12.9 1.3
BI4 0.9 0.9 0.4 0.2 0.0 0.8 1.0 0.9 0.2 3.1 0.9 0.9 0.3

'YC 1. 1.1 0.4 0.2 4.0 0.9 1.2 1.1 0.2 3.6 1.0 1.0 0.3

. FT. FLY- - TAlET IM 105 KTS

- I 2 83.6 73.5 9.1 7.6 0.5 67.1 96.7 88.1 7.8 84.9 16.0 14.5 1.5
-& OCI6". 76.5 8.4 7.1 0.5 39.1 99.4 9.7 7.2 90.4 15.0 14.5 1.4
• , Q7 33.0 74.3 8.3 7.4 0.5 87.9 87.1 08.7 3.0 95.2 15.0 14.5 1.6

- , 34.2 75.3 1.8 7.3 0.5 98.5 9B.3 39.3 7.6 90.2 16.0 16.5 1.1
- 19 03.6 74.3 8.7 7.5 0.5 87.9 87.5 88.6 7,7 85.3 14.5 15,5 1.1• $4..'1.+-'+• •2 75.4 6 .6 7.3 0.5 86.4 98.5 69.8 7.2 90.3 15.0 15.5 1.2

.. 6 74.9 8.7 7.4 0.5 68.2 8.9 89.2 7.6 87.7 15.2 15.2 1.3
61&1 1 1.0 VI 0.0 a7 40 '• 'I I A O 1V

0.7 0.9 0.2 0.1 0.0 0.6 0.8 0.8 0.2 2.3 0.5 0.7 0.2

am. 0W T.17 K -- 1ETMIAG135 KTS.

"V. 3 .2 Me2 6.9 0.4 64.9 93.7 85.4 7.2 95.9 15.0 21.5 2.8
.2 71.1 8.2 6.8 0.4 65.6 85.0 86.5 6.5 68.0 15.5 24.5 1.6

0. U1  71.8 6.3 7.0 0.4 84.9 83.4 65.1 7.5 86.3 15. 20.0 2.7
.1 72.5 .0.4 5.1 84.8 86.3 6.7 8B.1 16.0 2.50 2,5I_ 79.2 70.2 9. 7.1 0.4 - 2.3 93.9 - 86.2 19.0 - 2.5

r . .1 0.3 71.9 3.4 7.0 0.4 85.1 83.9 85.4 7.0 86.9 16.2 21.6 2.2
I-4. @.t 1.1 0.4 0.1 0.0 0.3 1.1 1.0 0.4 1.1 1.6 2.0 0.6

"CI 0.7 1.0 0.4 0.1 0.0 0.4 1.1 1.0 0.5 1.0 1.5 2.4 0.6

NOS - mE IiND S CALCILATED USIN6 NFAMSIE DATA WUAIECTED
x HR 1B T IM• IMIDIT1,8 AI, o 0VIATIIW FRN REF FLIOMT TRACK

N--,



TABLE NO. A.1-2.1

AEROSATIALE SA-365N HELICOPTER (DAUPHIN) OOT/T0
10114/43

SUNIARY NOISE LEVEL DATA

AS PEASJED '

SITES 2 SIOELINE - 150 N. SOUTH JIlE 6, 1993

EY GEL O ALm L-Lm K(A) 9 EPNL Pa PNLTI K(P) OAUPLa DURiA) 0t(P) TC

6 DEGUE NW -- TARGET ]AS 75KITS. (ICAO)

"MNO DATA""e

S.. . "- i't AS 7"(TS. (CAO)

',26 90. 81.8 9.9 7.1 0.4 95.5 93.8 96.1 7.5 94.0 17.5 18.0 2.6
427 9-04 79.9 9.0 7.4 O.5 93.9 92.6 94.3 7.6 93.4 16.5 18.5 2.3

012 89.6 79.3 9.9 7.6 0.5 94.5 92.6 94.6 7.7 93.6 19.5 19.0 2.4
-12. 89.5 30.1 9.4 7.4 0.5 W5 92.8 94.9 7.6 93.6 MtO 18.5 2.5• 0•?1 89.9 10.2 9.7 7.6 0.5 94.9 92.7 94.7 7.9 93.7 19.0 19.0 2.6

It.? 89.9 79.7 10.2 8.0 0.6 - 93.0 96.0 - 93.4 19.0 - 3.0
, (3  90.1 00.5 9.6 7.8 0.5 95.0 93.5 95.1 8.0 93.9 17.0 17.0 2M4

N o ; 9048 81.4 9.4 7.6 0.5 96.0 94.4 97.0 7.3 94.3 17.5 17.0 3.1

,.. , ,. ... ,•.. 0.5 94.9 93.2 -f.3 7.7 93.7 18.1 18,1 2.6
'Did ,,,I • 0.6 0.1 0.4 0.3 0.0 0.7 0.6 0.9 0.3 0.3 1.1 0.9 0.3
, ppoi 0.4 0.5 0.3 0.2 0.0 0.5 0.4 0.6 0.2 0.2 0.8 0.6 0.2

* I tMM CLCU USING WhEMI DATA UNCORRCTED. .:,:IN . ';#.,y) U AIRRAFT DEVIATION FRiM RV FLIB6T TROM-

S'+ 7 W



TABLE 00. A,1-16.3

AEROSPATIALE SA-365N HELICM TER (MAIWIUN) DOT/TSc
10/14/83

SUNLARY NOISE LEYEL DMA

AS EASURED *

SITEU W8 CENTERLINE-CTER (FLUSH) J 6,1983

EV SEL AU SEL-ALs K(A) 9 EPH. PFL& PNLT% K(P) OASPkL DORMA)DJR(P) IC

TAOEWF -- TARGET JAS 75KTS. (T/O FRi HOER)

BA37 99.5 93.8 5.7 6.3 0.5 105.0 106,8 1M9.1 6.5 96.2 8,0 8.0 2.4
W 99.9 94.2 5.7 6.1 0.4 105.3 107.2 109.5 6.1 96.6 8.5 9.0 2.8

WA9 99.9 94.9 5.0 5.8 0.4 105.3 107.9 110.4 5.8 97.4 7.5 7.0 2.6
DA40 99.8 93.8 6.1 6.5 0.5 105.3 107.3 109,4 6.4 98.2 8.5 8.5 2.1

Avg. 99.8 94.2 5.6 6.2 0.5 105.2 107.3 109-.,4 6.2 97.1 8.1 8.1 2.5
W Dv 0.2 0.5 0.4 0.3 0.0 0.2 0.4 0.6 0.3 0.9 0.5 0.9 0.3

-;" CI 0.2 0.6 0.5 0.4 0.0 0.2 0.5 0.7 0.4 1.0 0.6 1.0 0.3

TJEWFF - TAROET IAS 7MT8. 0Y/O FROMI IORI)

6641 97.5 90.3 7.1 6.4 0.4 102.5 102.7 105.8 6.7 91.2 13.0 10.0 3.3
.hM %.8 89.7 7.1 6.5 0.4 101.8 102.1 104.7 6.8 91.6 12.0 11.0 2.8
6ttB43 96.7 98.5 8.2 7.1 0.5 101.9 100.9 103.7 7.1 90.2 14.5 14.0 3.4

1-,A44 96.1 98.2 7.9 7.0 0.5 101.0 100.0 103.2 6.9 89.6 13.5 13.5 3.2
,15 96.0 87.4 8.5 7.4 0.5 101.2 99.9 102.7 7.3 89.1 14.5 14.5 2.8

% ~, hsg. 96.6 M.8 7.8 6.9 0.4 101.7 101.1 104.0 7.0 90.3 13.5 12.6 3.1
jt'U Dv 0.6 1,2 0.7 0.4 0.0 0.6 1.3 1.2 0.3 .It 1.1 2.0 0.3
-Z CV 0.6 1.1 0.6 0.4 0.0 0.6 1.2 1.2 0.3 1.0 1.0 1.9 0.3

Al E9WE- RAcH-- TAM~T I AS 75M~.

Iv , 1,l
,44.4

""'NO DATAH%

J " .



TlAE NO. A.1-10.2

wAweAuALE Sk-365 HLICi iwu (KAIFIIIN) wrTnTSC
10/14/93

9~lWtf 4i01hE IMVL DATA

AS 11(42D '

BITEs 16 C'ETIELM E..CEMIE (FLUSIH) K 6,1IM

tV KL &. ia -..s KtA) UI MNL fl li K(P) BAMWML. DURW) )tSP) 7C

W00 FT. FLY= - TSET INS 115 ITS.

A3 90.5 83.6 6.9 6.5 0.4 95.9 97.2 9".9 4.4 96.1 11.5 12.r 1.9
M 92.9 95.7 7.2 7.2 0.5 98.5 9". 101.5 7.1 94.6 10.0 9.5 2.2
5 90.1 62.6 7.5 6.5 0.4 ".7 ".9 97.6 6.7 ,5.7 14.0 16.0 1.9

C , 9.0 62.3 7.5 6. 0.4 5.6 9.2 ".9 6.9 V5.2 13.0 12.5 2.2
A? M0. 32.9 7.2 6.4 0.4 96.0 94.3 97.9 6.6 94.1 13.5 15.5 2.1

M 10.1 12.6 7.3 6.6 0.4 96.1 97.0 9. 6.7 95.9 13.0 12.5 2.1
#9 "9.2 32.6 7.6 6.5 0.4 95.6 95.3 97.4 7.0 94.t 14.5 14.5 2.0
610 399* VhZ. 7.6 6.7 0.4 95.9 94.2 98.0 4.9 95.1 14.0 13.5 1.9

%t.4 ,1,. 7.4 6.6 0.4 94.2 94.9 9".6 6.8 5.7 12.9 13.3 2.0
i... " 1.4 1.1 0.2 01 0.0 1.0 1.24 1.3 0.2 0.7 1. 2.1 0.2

V1 CI 0.7 0.3 0.2 0.2 0.0 0.6 0.8 0.9 0.1 0.4 1.0 1.4 0.1

'SiO FT. FLI6,C - TM IET 120 • 1.

. 1 69•.3 G.# 7 .5 4 0.5 94.1 95..1 9M64 4.6 93.3 124. 13.5 1.9
-.13.2 S395 01.9 7.6 6.8 0.4 95.2 95.1 %.9 7.2 95.2 13.9 14.0 1.9
#13 09.1 31. 7.3 6.3 0.4 n3.e 95.3 97.1 6.4 92.6 12.0 11.0 -1
' t -P5 9M M 6.? k.4 7.3 67 -. , .2 5-.5 9.v 7.4 92.1 12.0 11.5 22.1

b 9.3 81.9 7.4 4.0 0.5 94.6 95.4 97.1 6.9 92.9 12.V 12,5 2.0
"v 0.2 0.2 0.2 0.1 0.0 0.7 0.4 0.6 0.3 0.5 0.7 1.5 0.2

"A"WC c; 0.2 0.3 G 0.2 0 0.0 0.9 0.4 0.7 0.4 0.6 0.6 1.4 0.2

- '- 7l. FLP. --. T •' lAS 1135 K11

6-2 0.2 6.5 7.4 0.3 93.5 93.6 95.3 7.2 90.0 14.5 13.5 1.4
T 5 3.0 7.2 01.4 9.. 94.1 95.5 7.2 91.6 13.5 13.0 1.5

-4 10. L t h 7.32. 0.5 93.9 94.2 "5.5 7.3 92. 1.0 13.5 1, 1.5
S9 6.5 7.4 0.5 9.3 9.6 94.5 7.6 91.5 14.0 14.5 1.1

-1 3 7.7 7.0 0.5 93.3 94.5 95.6 7.4 91.7 12.5 13.0 1.3
U6 81 70 45 93.8 93.5 95.6 7.3 91.5 14.0 13.5 1.0

a av. ". .OV . 1 7.2 0.5 3 9V43 . 9M.3 7.3 91.4 13.6 13.7 1.5
ii g ti *,t 0.3 0.2 0.0 0.2 0.4 0.4 0.1 0.7 0.7 0.5 0.3

""3 .01 6 .3 0.2 0.0 0.2 0.3 0.3 0.1 0.6 0.6 0.4 0.2

Mn n.atmul- JAM in 115 ITs.

W 5.4 76.4 9.2 6- 0.4 9 . V.3 90.9 7.3 8W.8 22.M 24.0 1.4
f72 X.64 75L9 M. 7.1 9.4 M0.5 OI.1 69.7 7.9 .39. 23.5 25.0 1.9

£ 76.4 1.0 4.8 0:4 r. C4  r. 7.4 "0.3 f.5 R. 1.4
04e 6.2 )7.2 9.9 7.1 0.4 91.4 P.1 91.5 7.6 "0.3 19.0 1P.5 2.5

J4 r 27 94 79 ~ 4 939 6. 0. ? 7.5 39.9 *1.4 24.0 1.1
-4YP, * 0. 3 to 9.0 *1 0.~ 0.4 0.2 0.4 2.3 3.3 0.6

SSCI 0.2 S.5 0.3 0.1 0.0 0.3 0.5 0.4 0.2 0.4 2.2 3.1 0.4

•!-fj'-,+WA.nU~fr
4111A iDFlIIMAIw7wkAli mAI%



MRDIPAIIALE S&r-36U HELICOPTER DMWLIHIN) DOMflSC
10/14/03

SMWAR NOISE LEVEL DATA

AS tEASMD'

SITEs 1o CENTERLINE-CENTE (FLUOR) JUNE 6,1993

IV MI. S. R-as. K(A) 9 EMIB FMa PILTm KMP BASFLe 013(A) DURIP TC

LEONE MI S TAM IS IAS 751(19. (1CMO)

thUR ITE 1SM 75 MT. (ICAO)

M1.2 91.5 6.7 6.5 0.4 103.3 114.? 106.9 6.3 92.4 10.5 10.0 3.2
M6.9 N9.9 7.0 4.2 0.4 1(0.4 102.7 105.7 6.1 9".8 13.5 12.5~ 3.0
ff9.# 59.#06.0 7.1 0.5 102.2 101.5 104.4 7.1 91.2 13.5 13.0 2.7

O. 979 "3 6"4 7.5 6.3 0.4 103.4 102.9 106.1 6.7 90.9 12.5 12.0 3.3
".p "7 .2 7.3 7.0 0.5 193.0 102.7 105.8 6.9 "0.9 11.0 11.0 3.1

SIM 97.3 39.6 7.6 6.3 0.4 102.3 102.2 105.4 6.7 90.3 13.0 12.5 3.2t 97.2 39.5 7.7 7.0 0.5 102.6 101.1 105.0 6.1 9".6 12.5 13.0 3.2
"975 ".1, 7.5 7.2 0.5 103.1 102.9 105.3 6.9 91.6 11.0 11.5 2.9

" "g. 9.4 1.6. 7.4 4.1 0.5 ltk.5 102.6 105.6 6.7 91.1 12.2 11.9 3.1
44W 3DW 0.4 0.7 0.4 0.3 0.0 0.4 0.7 0.3 0.3 0.7 1.2 i.i 0.2
A- aI %.3 9.5 #.1 0.2 0.0 0.3 0.5 0.5 0.2 0.4 0.1, 0.7 0.1

u-101 m M M ins ULA USIaNm win au DATA uncmccu
~ WWTUK,1l3DIflOR MMWT DEVIATIWI FROM REF FUOBIT TURW



TIAKE NO. A.1-1.3

AEROWPATIALE 5A3M4 WELICOPTER (DAUPHIH) DOT/TSC
10/14/83

SUMV OISE LEVEL DATA

AS HEASIMEI *

SITEs 1 COMILINE - CENTER JUE 6,19 3

Ey ski MA 9&-A K(A) a EF14 MIh PNLTm K(P) 0ASL DUR(A) DUR(P) TC

TAKEIF - ETA I AS 75KTS. (T/0 FRUI MUJER)

SPY ? ,3 90.3 5.1 6.0 0.5 100.5 103.0 105.6 5.0 91.9 7.0 7.0 2.6
" •91 60.6 5.4 6.2 0.5 99.2 101.3 104.0 5.9 90.7 7.5 7.5 2.6
IM*9 94.6 39.0 4.3 6.2 0.5 100.1 103.0 105.5 5.9 92.2 6.0 6.0 2.7
" .140 95.3 9<.0 5.3 6.3 0.5 100.7 103.3 105.4 6.1 92.6 7.0 7.5 2.1

*g. 94.8 P.7 5.2 6.2 0.5 100.1 102.6 105.1 5.9 91.9 6.9 7.0 2.5
9t6 Ov 0.1 0.7 0.3 0.1 0.0 0.7 0.9 0.9 0.1 0.8 0.6 0.7 0.3
MCI 0.7 0.8 0.3 0.2 0.0 0.8 1.1 0.9 0.2 0.9 0.7 0,8 0.3

JUCE9F. T-AIET IN 75KTS. (Ti/ FROII GROWS)

S94.1 $7.4 6.7 6.3 0.4 9r.1 99.4 103.1 6.4 C.1 11.5 8.5 3.7
k.. 13,• . V7.2 6.3 6.1 0.4 99.2 ".2 102.5 6.3 8.5 11.0 8.0 3.3
:43 92.5 15.9 6.6 6.1 0.4 97.6 97.6 101.3 5.9 86.7 12.0 11.5 3.7
SM 93.2 66.1 7.0 6.4 0.4 97.9 97.6 101.4 6.6 86.9 12.5 10.0 3.8
84 92.5 85.7 6.7 6.0 0.4 97.3 97.6 101.1 5.7 86.8 13.0 12.5 3.4

U; . 93.2 36.5 6.7 6.2 0.4 98.0 9".3 101.9 6.2 87.4 12.0 10.1 3.6
U1 IOv 0.7 0.3 0.3 0.2 0.0 0.7 2.0 0.9 0.4 0.8 0.8 1.9 0.2

S: 01 CI 0.7 -.0.7 0.2 0.2 0.0 0.7 0.9 0.9 0.4 0.8 0.8 1.8 0.2

'tljm~--t M AP'm TAW# ii 7M

S M 94.5 07.3 7.2 6.6 0.5 98.5 101.1 102.1 6.3 98.0 11.5 10.5 0.9
"A" 0. 82.3 3.2 7.1 0.5 94.3 95. 96.2 7.1 93.9 14.0 14.0 0.9

"i'414 91.2 13.1 3.1 6.9 0.4 94.9 96.4 97.2 7.2 94.6 15.0 11.5 0.9
".6 92.6 5.4 7.4 6.9 0.1 96.7 9.6 99.7 6.7 93.4 12.0 11.0 1.0

"A2.. 0.9 #.6 6.5 0.4 96.E ,.6 100.6 6.2 96.4 10.5 9.5 10

l+,. 92.3 84.8 7.5 6.8 0.4 96.2 9.2 99.2 6.7 95.7 12.6 11.3 0.9
Wf:•1d Iv 1.6 2.1 0.6 0.2 0.0 1.7 2.4 2.4 0.5 1., 1.9 1.7 0.1

: PU Ci 1.5 2.0 0.6 0.2 0.0 1.6 2.2 2.3 0.4 1. 1.8 1.6 0.1

-XJiISgE IADEJ CAULAIED UBINO IW DATA WMRCTED
*83TENE~lMEIIWI~TY9CR AIRCM:T DEVIATION FROM REF R~iUT TRACK

:________,____A'1 X "V'-":'.'- .' - -



TABLE NO. A.1-1.2

AEROSPATIALE SA-365H4 HELICOPTER (DAUPH4IN) DOT/ThC
10/13/83

SUMMARY NOISE LF.VEL DATA

AS IiEASURED *

SITE: 1 CENTERLINE - CENTER PEE 6,1983

aV SEL AL. SEL-D.Ls K(A) 0 EPNL PMLih PNLTm K(P) OASPLs DDURMA DUR(P) TC

00FT. FLYOVER -- TARGiET IAS 135 KTS.

A3 85.4 79.3 6.0 6.3 0.4 90.4 92.6 93.6 6.5 9".3 9.0 11.0 1.0
M4 88.4 81.8 6.6 7.1 0.5 93.7 95.0 96.5 7.6 88.0 8.5 9.0 1.8
A5 84.8 78.1 6.7 6.3 0.4 9M. 91.3 92.6 6.6 89.6 11.5 15.5 1.3
ML 84.8 78.1 6.7 6.5 0.4 9WI 91.4 92.9 7.2 87.2 10.5 10.0 1.5
V7 84.6 7 .9 6.8 6.4 0.4 90.4 91.3 92.3 6.8 89.2 11.5 15.5 1.5
68 84.6 70.0 6.6 6.6 0.5 90.0 91.4 92.6 7.1 87.7 10.0 11.5 1.4
A9 64.4 77.9 6.5 6.2 0.4 89.8 90".6 92.1 6.6 $9.2 11.0 14.5 1.3
-410 84.0 77.1 6.9 6.7 0.5 89.3 90.5 91.9 7.1 86.7 10.5 11.0 1.1

Av. 5. 78.5 6.6 6.5 0.4 90.5 91.8 93.1 6.79 8.5 10.3 12.2 1.4
viDy 1.4 1.4 0.3 0.3 0.0 1.4 1.5 1.5 0.4 1.3 1.1 2.5 0.2
M9 CI 0.9 1.0 0.2 0.2 0.0 0.9 1.0 1.0 0.2 0.9 0.7 1.7 0.2

ý500 FT. FLYOSJE -- TARGET lAS 120 KYS.

J11 84.3 77.5 6.8 6.7 0.5 88.7 "0.6 91.6 7.0 85.7 10.5 10.5 1.5
12 IJ.6 77.6 7.0 6.7 0.5 89.6 90.4 91.9 7.2 85.9 11.0 12.0 1.5
1 .3 78.4 6.3 6.3 0. 916 7.1j X0.1 11.9 1;.5 1.2Ei 7 7.4 6.9 6.6 0.4 1 06 9.6 6 B. 10. 0 2.

' #MS. 84. 5 77.7 6.7 6.6 0.4 89.3 90.7 92.2 6.9 8S.8 10.6 10.5 1.7
44U81 Dv 0.2 0.5 0.3 0.2 0.0 0.6, 0.3 1.0 0.3 0.3 0.5 1.2 0.6

90!ý"M CI 0.2 0.5 0.3 0.2 0.0 0.7 0.3 1.1 0.3 0.3 0.6 1.4 0.7?

1-00 FT.FLYGM ~T--AW EIAS 105 KTS.

to1 63.9 76.1 7.8 6.9 0.4 e8.6 89.2 91.4 6.7 83.4 13.5 11.5 2.3
>~-16 $4.2 77.0 7.1 6.6 0.4 88.5 89.8 91.4 7.0 86.0 12.0 12.0 1.2

ttlg1 03.9 76.0 7.9 7.0 0.5 87.9 88.7 90.3 7.0 85.8 13.5 12.0 1.6
-Lj19 84.3 77.1 7.2 6.7 0.4 08.6 89.7 91.2 6.9 95.1 12.0 11.5 1.6

ý'$0 64.3 76.8 7.5 6.8 0.4 08.6 89.4 91.2 7.0 05.4 12.5 11.5 1.8

A ) 88.5 eM. 91.0 7.0 M.2 12.5 .. .
t 0.2 0.5 0.3 0.1 0.0 0.3 0.4 0.4 0.1 0.9 0.8 0.3 0.4
9Z10.2 0.4 0.3 0.1 0.0 0.2 0.3 0.3 0.4 0.8 0.7 0.2 0.3

400FT. FLY0* -TAWGE lAS 135 KIS.

.6*21 79.9 71.6 8.3 6.7 0.4 84.7 83.9 15.9 6.7 83.1 17.5 20.0 2.1
*422 79.6 70.5 9.1 7.1 0.4 84.1 82.7 .'3.8 7.5 82.3 19.0 23.0 1.2
4*23 80.0 72.8 7.2- 6.3 0.4 84.4 84.5 66.7 6.4 82.9 14.0 16.0 2.2
:1214 80.1 70.9 9.2 7.2 0.4 84.8 83.7 95.0 7.3 82.5 18.5 22.0 1.4

IM~25 6. 72.9 7.7 6.6 0.4 04.8 84.2 867 6. 2.3 14.5 15.0 2.8

"VV. 00.0 71.8 8.3 6.8 0.4 84.5 83.8 85.6 7.0 $2.6 16.7 19.2 1.9
-t v0.3 1.1 0.9 0.4 0.0 0,3 0.7 1.2 0.5 0.4 2.3 3.6 0.6

"9Z Cl 0.3 1.0 0.8 0.4 0.0 0.3 0.7 1.2 0.4 0.4 2.2 3.4 0.6

* - 30lSE S M ~)S XCULILATED USING6 NEASURD DATA IUNWCOREED
FOR TDETWtERA ,HUf1DIYY,IR- AIRCRAFT DEVIIATIOh FRUOt REF FL.IGHT 11RACK



S. . . . .. . . .. , ... ,- ..-..-. - -'.. -. '.•...• • . y.-

TABLE NO, A.1-1.1

AEROSPATIALE SA-365. HELICOPJER (DAUPHIN) MOTiT.M
10/13/83

SUMMARY NOISE LEVEL DATA

AS IEASiED *

SITEs 1 CENTERLINE - CENTER JUNE 6,1983

E9 SEL ALt SE"-AU. KMA) 9 EPHI. PNLm PiPTs K(P) OASPLm UR(A) DUR(P) TC
--- --- --- ---------- - ---

6 DEMUE 996040 -- AIMET EAS 75 KIS. (ICAD'

F'M 92.9 86.6 6.3 6.5 0.5 96.2 9.0 100.2 6.0 94.1 9.5 10.0 1.3
*F'6 90.0 63.3 7.5 6.9 0.5 94.6 96.7 97.7 6.5 94.8 12.5 11.5 1.0
V46 92.6 65.1 7.5 7.0 0.5 96.5 98.5 99.7 6.6 95.1 12.0 10.5 1.3

'-147 92.9 85.9 7.0 6.5 0.4 96.5 98. 99.7 6.5 95.3 12.0 11.0 1.1
148 93,1 65.4 7.7 6.8 0.4 97.1 99.1 100.2 6.3 95,3 13.5 12.0 1.1

.F49 92.6 64.9 7.9 7.1 0.5 97.0 98.5 99.6 7.1 94.9 13.0 11.0 1.1
-40 9.3 65.5 7.8 6.9 0.4 97.1 98.4 99.8 6.b 95.1 13.5 12.0 1.4
*F51 93.5 87.8 5.6 5.6 0.4 97.0 100.5 101.4 5.6 96.4 10.0 1.0 0.9

Avg. 92.7 B5.6 7.2 6.7 0.4 96.5 98.7 99.8 6.4 95.1 12.0 11.0 1.1
Ut Dv 0.8 1.3 0.6 0.5 e.. 0.9 1.0 4.0 0.4 0.6 1.5 0Q. 0.2

PC C1 0.6 0.9 0.5 0.3 0.0 0.6 0.7 0.7 0.' 0.4 1.0 0.5 0.1

TMKEOFF -- TARET 14 75 KTS. (ICAO)

(E26 93• 7 •7,. 6.5 6.5 0.5 98.8 99.4 102.6 6.3 87.6 10.0 9.5 3.2
127 93.0 65.9 7.1 6.7 0.4 98.4 98.3 101A 6.6 86.1 11.5 11.0 3.3
-"f28 93.2 67.0 6.2 6.3 0.4 98.6 99.0 102.7 6.1 87.0 9.5 9.0 3.7
. E29 92.2 35.0 7.2 6.5 0.4 97.4 96.6 "9.9 6.8 IM.4 12.5 12.5 3.3
!'AM 92.3 56.4 6.4 6.1 0.4 98.7 99.3 102.7 5.8 B8l0 11.5 11.0 3.5
::E31 92.6 35.9 6.7 6.5 0.4 97.9 97.7 101.2 6.4 86.1 11.0 11.0 3.5
;1E02 92e7 .5:4 7.3 6.6 0.4 97.9 97,2 100.7 6.7 66.3 12.5 12.0 3.6

".. "4 93.0 65.7 7.3 6.9 0.5 9".3 98.2 101.3 6.8 86.6 11.5 11.0 3.0

A.g. 92.9 86.1 6.6 6.5 0.4 98.3 98.2 101.6 6.4 86.6 11.2 10.9 3.4
-IW Ov 0.4 0.7 0.4 0.2 0.0 0.5 1.0 1.0 0.3 0.9 1.21 1.2 0.2
"19;•1l 0.3 0.5 0.3 0.2 0.0 0.3 0.7 0.7 0.2 0.6 0.7 0.8 0.2

- NOISE IDIE CALClATED USING DEASMRED DATA UNCORRECTED
: UR TEW'UATMIEI•I•iOTY,OR AIRCRAFT DEUIAYI'N FROM RF FLIGHT TPACK

4 . -



TABLE A. b

Definitions

A brief synopsis of Appendix A data column headings is presented.

EV Event Number

SEL Sound Exposure Level, the total sound energy measured
within the period determined by the 10 dB down duration
of the A-weighted time history. Reference duration,
1-second.

ALa A-weighted Sound Level(maximum)

SEL-AIA Duration Correction Factor

K(A) A-weighted duration constant where:

K(A) - (SEL-AIa) 't (Log DUR(A))

Q Time History Shape Factor, where:

Q -( 1 0 0.1(SEL-AI•) t (DUR(A))

EPNL Effective Perceived Noise Level

, PIFNL Perceived Noise Level(maximum)

PNLTh Tone Corrected Perceived Noise Level(maximum)

K(P) Constant used to obtain the Duration Correction for
* EPNL, where:

K(P) - (EPNL-PNLTm + 10) * (Log DUR(P))

,OASPLm Overall Sound Pressure Level(vmaximum)

DUR(A) The 10 dB down Duration Time for the A-weighted time
ehstory

DUR(P) The 10 dB down Duration Time for the PNLT time history

.TC Tone Correction calculated at PNLTa

"ach set of data is headed by the site number, microphone location and
"jtest date. The target reference condtions are specified above each data
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